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DATA HANDBOOK SYSTEM 


Our Data Handbook System comprises more than 60 books with specifications on electronic compo- 
nents, subassemblies and materials. It is made up of four series of handbooks: 


ELECTRON TUBES | BLUE 
SEMICONDUCTORS RED 
INTEGRATED CIRCUITS PURPLE 
COMPONENTS AND MATERIALS GREEN 


The contents of each series are listed on pages iv to viil. 


The data handbooks contain all pertinent data available at the time of publication, and each is revised 
and reissued periodically. 


When ratings or specifications differ from those published in the preceding edition they are indicated 
with arrows in the page margin. Where application information is given it is advisory and does not 
form part of the product specification. 


Condensed data on the preferred products of Philips Electronic Components and Materials Division is 
given in our Preferred Type Range catalogue (issued annually). 


Information on current Data Handbooks and on how to obtain a subscription for future issues is 
available from any of the Organizations listed on the back cover. 
Product specialists are at your service and enquiries will be answered promptly. 


February 1984 iil 


ELECTRON TUBES (BLUE SERIES) 


The blue series of data handbooks comprises: 

T1 Tubes for r.f. heating 

T2a Transmitting tubes for communications, glass types 
T2b ~=—- Transmitting tubes for communications, ceramic types 
T3 Klystrons 

T4 Magnetrons for microwave heating 


T5 Cathode-ray tubes 
Instrument tubes, monitor and display tubes, C.R. tubes for special applications 


T6 Geiger-Miiller tubes 


T8 Colour display systems 
Colour TV picture tubes, colour data graphic display tube assemblies, deflection units 


T9 Photo and electron multipliers 

T10 = Plumbicon camera tubes and accessories 
T11 Microwave semiconductors and components 
T12  Vidicon and Newvicon camera tubes 

T13 Image intensifiers and infrared detectors 
T15 = Dry reed switches 


T16 Monochrome tubes and deflection units 
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units 


iv October 1985 


SEMICONDUCTORS (RED SERIES) 


The red series of data handbooks comprises: 

S1 Diodes 
Small-signal silicon diodes, voltage regulator diodes (< 1,5 W), voltage reference diodes, 
tuner diodes, rectifier diodes 

S2a Power diodes 

S2b __—‘ Thyristors and triacs 

S3 Small-signal transistors 

S4a Low-frequency power transistors and hybrid modules 


S4b —_— High-voltage and switching power transistors 


S5 Field-effect transistors 


S6 R.F. power transistors and modules 
S7 Surface mounted semiconductors 
S8 Devices for optoelectronics 


Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared 
sensitive devices, photoconductive devices. 


S9 Power MOS transistors 

$10 Wideband transistors and wideband hybrid IC modules 
S11 Microwave transistors 

$12 Surface acoustic wave devices 


$13 Semiconductor sensors 


October 1985 
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INTEGRATED CIRCUITS (PURPLE SERIES) 


The purple series of data handbooks comprises: 


EXISTING SERIES 


IC1 - 


IC2 


IC3 


IC4 


IC5 


IC6 


IC7 


IC8 


IC9 


1C10 


iC11 


Bipolar ICs for radio and audio equipment 


Bipolar ICs for video equipment 


Superseded by: 


ICOIN 


1CO2Na and |CO2Nb 


ICs for digital systems in radio, audio and video equipment ICO1N, 1CO2Na and ICO2Nb 


Digital integrated circuits 
CMOS HE4000B family 


Digital integrated circuits — ECL | 
ECL10 000 (GX family), ECL100 000 (HX family), dedicated designs 


Professional analogue integrated circuits 
Signetics bipolar memories | 

Signetics analogue circuits 

Signetics TTL logic 

Signetics Integrated Fuse Logic (IFL) 


Microprocessors, microcomputers and peripheral circuitry 


June 1985 


ICO8N 


IC11N 


ICO9ON and IC15N 


IC13N 


IC14N 


NEW SERIES 


ICO1N 


ICO2Na 
ICO2Nb 
ICO3N 
ICO4N 
ICO5N 
ICO6N* 


ICO7N 


ICO8N 
ICOSN 


IC10N 


1C11N 


IC12N 


IC13N 


IC14N 


IC1SN 


Note 


Books available in the new series are shown with their date of publication. 


Radio, audio and associated systems 
Bipolar, MOS 


Video and associated systems 
Bipolar, MOS 

Types MAB8031AH to TDA1524A 
Video and associated systems 
Bipolar, MOS 

Types TDA2501 to TEA1002 


Integrated circuits for telephony 


HE4000B logic family 
CMOS 


HE4000B logic family — uncased ICs 
CMOS 


High-speed CMOS; PC74HC/HCT/HCU 
Logic family 


High-speed CMOS; PC74HC/HCT/HCU — uncased ICs 
Logic family 


ECL 10K and 100K logic families 
TTL logic series 


Memories 
MOS, TTL, ECL 


Linear LSI 


Semi-custom gate arrays & cell libraries 
ISL, ECL, CMOS 


Semi-custom 
Integrated Fuse Logic 


Microprocessors, microcontrollers & peripherals 
Bipolar, MOS 


FAST TTL logic series 


(published 1985) 


(published 1985) 


(published 1985) 


(published 1985) 


(published 1984) 


(published 1986) 


(published 1984) 


(published 1984) 


(published 1985) 


(published 1985) 


(published 1985) 


(published 1984) 


“ Supersedes the ICO6N 1985 edition and the Supplement to ICOGN issued Autumn 1985. 


January 1986 
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COMPONENTS AND MATERIALS (GREEN SERIES) 


The green series of data handbooks comprises: 


C1 Programmable controller modules 
PLC modules, PC20 modules 


C2 Television tuners, coaxial aerial input assemblies, surface acoustic wave filters 


C3 Loudspeakers 


C4 Ferroxcube potcores, square cores and cross cores 
C5 Ferroxcube for power, audio/video and accelerators 
C6 Synchronous motors and gearboxes 

C7 Variable capacitors 

C8 Variable mains transformers 

C9 Piezoelectric quartz devices 


C10 Connectors 


C11 Non-linear resistors 


C12 Potentiometers, encoders and switches 
C13 __—‘*Fixed resistors 

C14 Electrolytic and solid capacitors 

C15 Ceramic capacitors 

C16 Permanent magnet materials 

C17 Stepping motors and associated electronics 
C18 Direct current motors | 

C19 _— Piezoelectric ceramics 


C20 Wire-wound components for TVs and monitors 


C21* Assemblies for industrial use 
HNIL FZ/30 series, NORbits 60-, 61-, 90-series, input devices 


C22 _ Film capacitors 


* To be issued shortly 


vill October 1985 


INTRODUCTION 
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74HC/HCT/HCU HIGH-SPEED CMOS (HCMOS) 
LOGIC IC FAMILY 


The HCMOS family of logic ICs is manufactured using a 
self-aligning 3m polycrystalline silicon-gate CMOS process 
combined with local oxidation of silicon (LOCOS). HCMOS 
ICs have the low power consumption, high immunity to 
input noise and wide operating temperature range of earlier 
silicon-gate CMOS circuits together with the high-speed and 
drive capability of bipolar, low-power Schottky TTL 
(LSTTL). They are also immune to latch-up and all types 
are available in DIL packages and in space-saving SO 
packages. 


Many HCMOS circuits are pin-compatible with existing 
54/74 LSTTL and HE4000B CMOS logic !Cs. HCT types 
are ideal replacements for LSTTL. HCT types can also 
interface between TTL and CMOS ICs. 


Three types of HCMOS ICs are available: 


— 74HC: CMOS input switching levels 30%Vcc and 
70%Vcc_ (typical switching threshold 50%Vc¢c), 
supply voltage 2 V to6 V 


— 74HCT: TTL input switching levels O.8V and 2V 
(typical switching threshold 28%Vcc), supply 
voltage 4.5 V to 5.5V 


— 74HCU: CMOS input switching levels 20%Vcc and 
80%Vcc (typical switching threshold 50%V¢c), 
supply voltage 2V to 6V; unbuffered to ailow 
operation in the linear mode 


The HCMOS family also includes several complex circuits 
for switching or multiplexing analog signals. These circuits 
have low crosstalk and feedthrough, and a very large 
frequency bandwidth. 

There are also two FIFOs and three PLLs in the HCMOS 
range, of which one (HC/HCT297) is a fully digital type. 


INTRODUCTION 


HCMOS FEATURES 
@ Very low power dissipation 


@ The switching levels of 74HC types are 30% and 70% of 
Vcc 


@ DC noise margin of 74HC types three times that of TTL 
ICs 


@ Logic output levels 0.1 V and Vcc — 0.1 V 
@ All types, except 74HCU are fully buffered 
@ Typical gate propagation delay of 8 ns 

@ Can operate up to 60 MHz (typical) 


@ Fanout capability of 10 LSTTL loads (4 mA); this is 
increased to 15 LSTTL loads (6 mA) for types with 
bus-driver outputs 


@ Wide supply voltage range 
@ Latch-up free 
@ Inputs protected against electrostatic discharge 


@ Functions and pinning identical to most popular LSTTL 
and CMOS HE4000B families 


@ Analog switching types operating up to 10 V 


@ Symmetrical output sourcing and sinking currents and 
equal output rise and fall times 


@ All types available in plastic SO packages for surface 
mounting and plastic DIL packages 


@ Choice of operating temperature range: 
—40 to + 85 °C or —40 to + 125 °C 


@ Meet JEDEC standard No.7 
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SELECTION 


Functional index 


Numerical index 


GUIDE 


HCMOS 74HC/HCT/HCU FAMILY 


Type numbers have a suffix which signifies the type of package: 
P = plastic DIL; T = plastic SO mini-pack 


type no. 


description 


NAND/NOR gates/EXCLUSIVE-NOR gates 


HC/HCTO0O 
HC/HCT02 
HC/HCT03 
HC/HCT10 
HC/HCT20 


HC/HCT27 
HC/HCT30 
HC7266 
HC/HCT4002 


quad 2-input NAND gate 

quad 2-input NOR gate 

quad 2-input NAND gate (with open drain outputs) 
triple 3-input NAND gate 

dual 4-input NAND gate 


triple 3-input NOR gate 

8-input NAND gate 

quad 2-input EXCLUSIVE-NOR gate 
dual 4-input NOR gate 


AND/OR/EXCLUSIVE-OR gates 


HC/HCT08 
HC/HCT11 
HC/HCT21 
HC/HCT32 
HC58 


HC/HCT86 
HC/HCT 4075 


quad 2-input AND gate 
triple 3-input AND gate 
dual 4-input AND gate 
quad 2-input OR gate 
dual AND-OR gate 


quad 2-input EXCLUSIVE-OR gate 
triple 3-input OR gate 


Inverters/buffers/line drivers/level shifters 


HC/HCT04 
HCU04 
HC/HCT125* 
HC/HCT126* 
HC/HCT240* 


HC/HCT241* 
HC/HCT244* 
HC/HCT365* 
HC/HCT366* 
HC/HCT367* 


HC/HCT368* 
HC/HCT540* 
HC/HCT541* 
HC4049 
HC4050 


hex inverter 

hex inverter (unbuffered) 

quad buffer/line driver; 3-state; output enable active LOW 
quad buffer/line driver; 3-state; output enable active HIGH 
octal buffer/line driver; 3-state; inverting 


octal buffer/line driver; 3-state; output enable active LOW or HIGH 
octal buffer/line driver; 3-state; output enable active LOW 

hex buffer/line driver; 3-state 

hex buffer/line driver; 3-state; inverting 

hex buffer/line driver; 3-state 


hex buffer/line driver; 3-state; inverting 
octal buffer/line driver; 3-state; inverting 
octal buffer/line driver; 3-state 

hex inverting HIGH-to-LOW level shifter 
hex HIGH-to-LOW level shifter 


* Types with a bus-driver output stage. 


FUNCTIONAL INDEX 


pins classification 


SSI 
SSI 
SSI 
SS! 
SSI 


SSI 
SSI 
SSI 
SSI 


SSI 
SS! 
SS| 
SSI 
SSI 


SSI 
SSI 


SSI 
SSI 
MSI 
MSI 
MSI 


MSI 
MSI 
MSI 
MSI 
MSI 


MSI 
MslI 
MSI 
SS! 
SSI 
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167 
171 
175 
193 
206 


211 
215 
511 
677 


190 
196 
209 
219 
225 


247 
812 


181 
185 
281 
286 
456 


461 
478 
549 
553 
557 


561 
611 
612 
747 
753 
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FUNCTIONAL INDEX 


Type numbers have a suffix which signifies the type of package: 
P = plastic DIL; T = plastic SO mini-pack 


type no. 


description 


Flip-flops /latches/registers 


HC/HCT73 
HC/HCT74 
HC/HCT75 
HC/HCT107 
HC/HCT109 


HC/HCT112 
HC/HCT173* 
HC/HCT174 
HC/HCT175 
HC/HCT259 


HC/HCT273 
HC/HCT373* 
HC/HCT374* 
HC/HCT377 
HC/HCT533* 


HC/HCT534* 
HC/HCT563* 
HC/HCT564* 


HC/HCT573* 
HC/HCT574* 


HC/HCT670* 
HC/HCT7030 


HC/HCT40105 


Shift registers 


HC/HCT164 
HC/HCT165 
HC/HCT166 
HC/HCT194 
HC/HCT195 


HC/HCT299* 
HC/HCT597 

HC/HCT7597 
HC/HCT4015 
HC/HCT4094 


HC/HCT40104* 


dual JK flip-flop with reset; negative-edge trigger; supply on centre pins 
dual D-type flip-flop with set and reset; positive-edge trigger 

quad bistable transparent latch 

dual JK flip-flop with reset; negative-edge trigger 

dual JK flip-flop with set and reset; positive-edge trigger 


dual JK flip-flop with set and reset; negative-edge trigger 
quad D-type flip-flop; positive-edge trigger; 3-state 

hex D-type flip-flop with reset; positive-edge trigger 
quad D-type flip-flop with reset; positive-edge trigger 
8-bit addressable latch 


octal D-type flip-flop with reset; positive-edge trigger 

octal D-type transparent latch; 3-state 

octal D-type flip-flop; positive-edge trigger; 3-state 

octal D-type flip-flop with data enable; positive-edge trigger 
octal D-type transparent latch; 3-state; inverting 


octal D-type flip-flop; positive-edge trigger; 3-state; inverting 

octal D-type transparent latch; 3-state; inverting; bus oriented pin-out 
octal D-type flip-flop; positive-edge trigger; 3-state; inverting; 

bus oriented pin-out 

octal D-type transparent latch; 3-state; bus oriented pin-out 

octal D-type flip-flop; positive-edge trigger; 3-state; bus oriented pin-out 


4 x 4 register file; 3-state 
9-bit x 64-word FIFO register; 3-state 
4-bit x 16-word FIFO register 


8-bit serial-in/parallel-out shift register 

8-bit parallel-in/serial-out shift register _ 

8-bit parallel-in/serial-out shift register; with reset 
4-bit bidirectional universal shift register. 

4-bit parallel access shift register 


8-bit universal shift register; 3-state 

8-bit shift register with input flip-flops 
8-bit shift register with input latches 

dual 4-bit serial-in/parallel-out shift register 
8-stage shift-and-store bus register 


4-bit bidirectional universal shift register; 3-state 


* Types with a bus-driver output stage. 
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pins 


classification 


FF 
FF 
FF 
Ms! 
FF 


FF 
MSI 
MSI 
MSI 
MSI 


MSI 
MSI 
MSI 
MSI 
MS! 


MSI 
MSI 


MSI 
MSI 
MSI 


MSI 
MSI 
MSI 


MSI 
MSI 
MSI 
MSI 
MSI 


MSI 
MSI 
Ms! 
MSI 
MS! 


MSI 


page 


226 
231 
236 
257 
262 


267 
381 
386 
391 
505 


514 
565 
570 
575 
601 


606 
613 


618 
623 
628 


665 
925 
973 


363 
369 
375 
435 
443 


537 
634 
635 
681 
815 


967 


Type numbers have a suffix which signifies the type of package: 
P = plastic DIL; T = plastic SO mini-pack 


type no. 


Arithmetic circuits 


HC/HCT85 

HC/HCT181 
HC/HCT182 
HC/HCT280 
HC/HCT283 


HC/HCT583 
HC/HCT688 


Counters 


HC/HCT93 

HC/HCT160 
HC/HCT 161 
HC/HCT162 
HC/HCT163 


HC/HCT190 
HC/HCT191 
HC/HCT192 
HC/HCT 193 
HC/HCT 390 


HC/HCT393 

HC/HCT4017 
HC/HCT 4020 
HC/HCT 4024 
HC/HCT 4040 


HC/HCT 4059 
HC/HCT 4060 
HC/HCT4510 
HC/HCT 4516 
HC/HCT4518 


HC/HCT4520 


HC/HCT 40102 
HC/HCT40103 


Multiplexers 


HC/HCT151 
HC/HCT153 
HC/HCT157 
HC/HCT158 
HC/HCT251 


* 


description 


4-bit magnitude comparator 

4-bit arithmetic logic unit 

look-ahead carry generator 

9-bit odd/even parity generator/checker 
4-bit binary full adder with fast carry 


4-bit BCD full adder with fast carry 
8-bit magnitude comparator 


4-bit binary ripple counter 

presettable synchronous BCD decade counter; asynchronous reset 
presettable synchronous 4-bit binary counter; asynchronous reset 
presettable synchronous BCD decade counter; synchronous reset 

presettable synchronous 4-bit binary counter; synchronous reset 


presettable synchronous BCD decade up/down counter 
presettable synchronous 4-bit binary up/down counter 
presettable synchronous BCD decade up/down counter 
presettable synchronous 4-bit binary up/down counter 
dual decade ripple counter 


dual 4-bit binary ripple counter 

Johnson decade counter with 10 decoded outputs 
14-stage binary ripple counter 

7-stage binary ripple counter 

12-stage binary ripple counter 


programmable divide-by-n counter 

14-stage binary ripple counter with oscillator 
BCD up/down counter 

binary up/down counter 

dual synchronous BCD counter 


dual synchronous 4-bit binary counter 
8-stage synchronous BCD down counter 
8-bit synchronous binary down counter 


8-input multiplexer 

dual 4-input multiplexer 

quad 2-input multiplexer 

quad 2-input multiplexer; inverting 
8-input multiplexer; 3-state 


Types with a bus-driver output stage. 


pins 


FUNCTIONAL INDEX 


classification 


MSI 
MSI 
MSI 
MSI 
MSI 


MSI 
MSI 


MSI 
MSI 
MSI 
MSI 
MSI 


MSI 
MSI 
MSI 
MSI 
MSI 


MSI 
MSI 
MSI 
MSI 
MSI 


MSI 
MSI 
MSI 
MSI 
MSI 


MSI 
MSI 
MSI 


MSI 
MsI 
MSI 
MSI 
MSI 
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241 
396 
398 
519 
523 


633 
671 


251 
337 
345 
351 
357 


403 
413 
423 
429 
581 


587 
695 
703 
709 
715 


797 
800 
877 
899 
900 


905 
951 
959 


311 
316 
326 
331 
488 


FUNCTIONAL INDEX 


Type numbers have a suffix which signifies the type of package: 
P = plastic DIL; T = plastic SO mini-pack 


pins classification page 
i i a a ee a ee ee ee eS 


type no. description 


Multiplexers (continued) 


10 


HCT/HCT253B* dual 4-input multiplexer; 3-state | 16 MSI 494 
HC/HCT257* quad 2-input multiplexer; 3-state 16 MSI 499 
HC/HCT258 quad 2-input multiplexer; 3-state; inverting 16 MSI 504 
HC/HCT354* 8-input multiplexer/register with transparent latches; 3-state 20 MSI 545 
HC/HCT356* 8-input multiplexer/register; 3-state 20 MSI 547 
Decoders/demultiplexers 

HC/HCT42 BCD to decimal decoder (1-of-10) 16 MSI 223 
HC/HCT137 3-to-8 line decoder/demultiplexer with address latches 16 MSI 296 
HC/HCT138 3-to-8 line decoder/demultiplexer; inverting 16 MSI 297 
HC/HCT139 dual 2-to-4 line decoder/demultiplexer 16 MSI 302 
HC/HCT147 10-to-4 line priority encoder 16 MSI 307 
HC/HCT154 4-to-6 line decoder/demultiplexer 24 MSI 321 
HC/HCT237 3-to-8 line decoder/demultiplexer with address latches 16 MSI 450 
HC/HCT238 3-to-8 line decoder/demultiplexer / 16 MSI 451 
HC/HCT4511 BCD to 7-segment latch/decoder/driver 16 MSI 879 
HC/HCT4514 4-to-16 line decoder/demultiplexer with input latches 24 MSI 887 
HC/HCT4515 4-to-16 line decoder/demultiplexer with input latches; inverting 24 MSi 893 
HC/HCT4543 © BCD to 7-segment latch/decoder/driver for LCDs 16 MSI 915 
Switches/multiplexers/demultiplexers 

HC/HCT4016 quad bilateral switches (uncompensated switches) 14 SSI 683 
HC/HCT4051 8-channel analog multiplexer/demultiplexer 16 MSI 759 
HC/HCT4052 dual 4-channel analog multiplexer/demultiplexer 16 MSI 771 
HC/HCT4053 triple 2-channel analog multiplexer/demultiplexer 16 MSI 783 
HC/HCT 4066 quad bilateral switches 14 SSI 809 
HC/HCT4067 16-channel analog multiplexer/demultiplexer 24 SSI 810 
HC/HCT4316 quad bilateral switches; with separate analog ground 16 MSI 821 
HC/HCT4351 8-channel analog multiplexer/demultiplexer with latch 20 MSI 835 
HC/HCT 4352 dual 4-channel analog multiplexer/demultiplexer with latch 20 MSI 849 
HC/HCT4353 triple 2-channel analog multiplexer/demultiplexer with latch 20 MSI 863 
Bus transceivers 

HC/HCT242* quad bus transceiver; 3-state; inverting 14 MSI 467 
HC/HCT243* quad bus transceiver; 3-state 14 MSI 473 
HC/HCT245* octal bus transceiver; 3-state 20 MsI 483 
HC/HCT640* octal bus transceiver; 3-state; inverting 20 MSI 643 
HC/HCT643* octal bus transceiver; 3-state; true/inverting 20 MSI 648 
HC/HC/646* octal bus transceiver/register; 3-state 24 MSI 653 
HC/HCT648* octal bus transceiver/register; 3-state; inverting 24 MSI 659 


* Types with a bus-driver output stage. 
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FUNCTIONAL INDEX 


Type numbers have a suffix which signifies the type of package: 
P = plastic DIL; T = plastic SO mini-pack 


type no. description pins classification page 


Schmitt triggers 


HC/HCT14 hex inverting Schmitt trigger 14 SSI 201 
HC/HCT132 quad 2-input NAND Schmitt trigger 14 SSI 291 


One-shot multivibrators 


HC/HCT123 dual retriggerable monostable multivibrator with reset 16 MS] 273 
HC/HCT221 dual non-retriggerable monostable multivibrator with reset 16 MSI 448 
HC/HCT423 dual retriggerable monostable multivibrator with reset 16 MSI 593 
HC/HCT 4538 dual retriggerable precision monostable multivibrator 14 MS! 910 


Miscellaneous 


HC/HCT297 digital phase-locked-loop filter 16 MSI 529 
HC/HCT4046A phase-locked-loop with VCO 16 MS! 721 0 
HC/HCT7046A phase-locked-loop with lock detector 16 MSI 927 


* 


Types with a bus-driver output stage. 
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NUMERICAL INDEX 


HCMOS 74HC/HCT/HCU FAMILY 


type no. 


HC/HCTOO 
~ HC/HCTO2 


HC/HCT03 
HC/HCT04 
HCU04 


~ HC/HCT08 


HC/HCT10 


~ HC/HCT11 
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HC/HCT14 
HC/HCT20 


HC/HCT21 
HC/HCT27 
HC/HCT30 
HC/HCT32 


— HC/HCT42 


HC58 

HC/HCT73 
HC/HCT74 
HC/HCT75 
HC/HCT85 


HC/HCT86 
HC/HCT93 
HC/HCT107 
HC/HCT109 
HC/HCT112 


HC/HCT123 
HC/HCT125* 
HC/HCT126* 
HC/HCT 132 
HC/HCT137 


HC/HCT138 
HC/HCT139 


~ HC/HCT147 


HC/HCT151 
HC/HCT153 


HC/HCT154 
HC/HCT157 
HC/HCT158 
HC/HCT160 
HC/HCT161 


description 


quad 2-input NAND gate 

quad 2-input NOR gate 

quad 2-input NAND gate (with open drain outputs) 
hex inverter 

hex inverter (unbuffered) 


quad 2-input AND gate 
triple 3-input NAND gate 
triple 3-input AND gate 

hex inverting Schmitt trigger 
dual 4input NAND gate 


dual 4-input AND gate 

triple 3-input NOR gate 

8-input NAND gate 

quad 2-input OR gate 

BCD to decimal decoder (1-of-10) 


dual AND-OR gate 

dual JK flip-flop with reset; negative-edge trigger; supply on centre pins 
dual D-type flip-flop with set and reset; positive-edge trigger 

quad bistable transparent latch 

4-bit magnitude comparator 


quad 2-input EXCLUSIVE-OR gate 

4-bit binary ripple counter 

dual JK flip-flop with reset; negative-edge trigger 

dual JK flip-flop with set and reset; positive-edge trigger 
dual JK flip-flop with set and reset; negative-edge trigger 


dual retriggerable monostable multivibrator with reset 
quad buffer/line driver; 3-state; output enable active LOW 
quad buffer/line driver; 3-state; output enable active HIGH 
quad 2-input NAND Schmitt trigger 

3-to-8 line decoder/demultiplexer with address latches 


3-to-8 line decoder/demultiplexer; inverting 
dual 2-to-4 line decoder/demultiplexer 
10-to-4 line priority encoder 

8-input multiplexer 

dual 4-input multiplexer 


4-to-16 line decoder/demultiplexer 

quad 2-input multiplexer 

quad 2-input multiplexer; inverting 

presettable synchronous BCD decade counter; asynchronous reset 
presettable synchronous 4-bit binary counter; asynchronous reset 


* Types with a bus driver output stage. 
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type no. 


HC/HCT162 
HC/HCT163 
HC/HCT164 
HC/HCT165 
HC/HCT166 


HC/HCT173* 
HC/HCT174 
HC/HCT175 
HC/HCT181 
HC/HCT182 


HC/HCT190 
HC/HCT191 
HC/HCT192 
HC/HCT193 
HC/HCT194 


HC/HCT195 
HC/HCT221 
HC/HCT237 
HC/HCT238 
HC/HCT240* 


HC/HCT241 * 
HC/HCT242* 
HC/HCT243* 
HC/HCT244* 
HC/HCT245* 


HC/HCT251 


HC/HCT253B* 


HC/HCT257* 
HC/HCT258 
HC/HCT259 


HC7266 

HC/HCT273 
HC/HCT280 
HC/HCT283 
HC/HCT297 


HC/HCT299* 
HC/HCT354* 
HC/HCT356* 
HC/HCT365 * 
HC/HCT366* 


description 


presettable synchronous BCD decade counter; synchronous reset 
presettable synchronous. 4-bit binary counter; synchronous reset 
8-bit serial-in/parallel-out shift register 

8-bit parallel-in/serial-out shift register 

8-bit parallel-in/serial-out shift register; with reset 


quad D-type flip-flop; positive-edge trigger; 3-state 
hex D-type flip-flop with reset; positive-edge trigger 
quad D-type flip-flop with reset; positive-edge trigger 
4-bit arithmetic logic unit 

look-ahead carry generator 


presettable synchronous BCD decade up/down counter 
presettable synchronous 4-bit binary up/down counter 
presettable synchronous BCD decade up/down counter 
presettable synchronous 4-bit binary up/down counter 
4-bit bidirectional universal shift register 


4-bit parallel access shift register 

dual non-retriggerable monostable multivibrator with reset 
3-to-8 line decoder/demultiplexer with address latches 
3-to-8 line decoder/demultiplexer 

octal buffer/line driver; 3-state; inverting 


octal buffer/line driver; 3-state; output enables active LOW or HIGH 
quad bus transceiver; 3-state; inverting 

quad bus transceiver; 3-state 

octal buffer/line driver; 3-state; output enable active LOW 

octal bus transceiver; 3-state 


8-input multiplexer; 3-state 

dual 4-input multiplexer; 3-state 

quad 2-input multiplexer; 3-state 

quad 2-input multiplexer; 3-state; inverting 
8-bit addressable latch 


quad 2-inpbut EXCLUSIVE-NOR gate 

octal D-type flip-flop with reset; positive-edge trigger 
9-bit odd/even parity generator/checker 

4-bit binary full adder with fast carry 

digital phase-locked-loop filter 


8-bit universal shift register; 3-state 

8-input multiplexer/register with transparent latches; 3-state 
8-input multiplexer/register; 3-state 

hex buffer/line driver; 3-state 

hex buffer/line driver; 3-state; inverting 


* Types with a bus driver output stage. 


NUMERICAL INDEX 
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375 


381 
386 
391 
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423 
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443 
448 
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type no. 


HC/HCT367* 
HC/HCT368* 
HC/HCT373* 
HC/HCT374* 
HC/HCT377 


HC/HCT390 
HC/HCT393 
HC/HCT423 
HC/HCT533* 
HC/HCT534* 


HC/HCT540* 


HC/HCT541* 
HC/HCT563* 
HC/HCT564* 
HC/HCT573* 


HC/HCT574* 
HC/HCT583 
HC/HCT597 
HC/HCT7597 
HC/HCT640* 


HC/HCT643* 
HC/HCT646* 
HC/HCT648* 
HC/HCT670* 
HC/HCT688 


HC/HCT4002 
HC/HCT4015 
HC/HCT4016 
HC/HCT4017 
HC/HCT4020 


HC/HCT4024 
HC/HCT4040 


HC/HCT4046A 


HC4049 
HC4050 


HC/HCT4051 
HC/HCT4052 
HC/HCT4053 
HC/HCT4059 
HC/HCT4060 


description 


hex buffer/line driver; 3-state 

hex buffer/line driver; 3-state; inverting 

octal D-type transparent latch; 3-state 

octal D-type flip-flop; positive-edge trigger; 3-state 

octal D-type flip-flop with data enable; positive-edge trigger 


dual decade ripple counter 

dual 4-bit binary ripple counter 

dual retriggerable monostable multivibrator with reset 

octal D-type transparent latch; 3-state; inverting 

octal D-type flip-flop; positive-edge trigger; 3-state; inverting 


octal buffer/line driver; 3-state; inverting 

octal buffer/line driver; 3-state 

octal D-type transparent latch; 3-state; inverting; bus oriented pin-out 

octal D-type flip-flop; positive-edge trigger; 3-state; inverting; bus oriented pin-out 
octal D-type transparent latch; 3-state; bus oriented pin-out | 


octal D-type flip-flop; positive-edge trigger; 3-state; bus oriented pin-out 
4-bit BCD full adder with fast carry 

8-bit shift register with input flip-flops 

8-bit shift register with input latches 

octal bus transceiver; 3-state; inverting 


octal bus transceiver; 3-state; true/inverting 
octal bus transceiver/register; 3-state 

octal bus transceiver/register; 3-state; inverting 
4 x 4 register file; 3-state 

8-bit magnitude comparator 


dual 4-input NOR gate 

dual 4-bit serial-in/parallel-out shift register 

quad bilateral switches (uncompensated switches) 
Johnson decade counter with 10 decoded outputs 
14-stage binary ripple counter 


7-stage binary ripple counter 

12-stage binary ripple counter 
phase-locked-loop with VCO 

hex inverting HIGH-to-LOW level shifter 
hex HIGH-to- LOW level shifter 


8-channel analog multiplexer/demultiplexer 

dual 4-channel analog multiplexer/demultiplexer 
triple 2-channel analog multiplexer/demultiplexer 
programmable divide-by-n counter 

14-stage binary ripple counter with oscillator 


* Types with a bus driver output stage. 
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557 
561 
565 
570 
575 


581 
587 
593 
601 
606 


611 
612 
613 
618 
623 


628 
633 
634 
635 
643 


648 
653 
659 
665 
671 


677 
681 
683 
695 
703 


704 
715 
721 
747 
753 


759 
771 
783 
797 
800 


type no. 


HC/HCT4066 
HC/HCT 4067 
HC/HCT4075 
HC/HCT4094 
HC/HCT4316 


HC/HCT4351 
HC/HCT 4352 
HC/HCT 4353 
HC/HCT4510 
HC/HCT4511 


HC/HCT4514 
HC/HCT4515 
HC/HCT4516 
HC/HCT4518 
HC/HCT4520 


HC/HCT4538 
HC/HCT 4543 
HC/HCT7030 


HC/HCT7046A 


HC/HCT40102 


HC/HCT40103 


HC/HCT40104* 


HC/HCT40105 


description 


quad bilateral switches 

16-channel analog multiplexer/demultiplexer 

triple 3-input OR gate 

8-stage shift-and-store bus register 

quad bilateral switches; with separate analog ground 


8-channel analog multiplexer/demultiplexer with latch 

dual 4-channel analog multiplexer/demultiplexer with latch 
triple 2-channel analog multiplexer/demultiplexer with latch 
BCD up/down counter 

BCD to 7-segment latch/decoder/driver 


4-to-16 line decoder/demultiplexer with input latches 

4-to-16 line decoder/demultiplexer with input latches; inverting 
binary up/down counter 

dual synchronous BCD counter 

dual synchronous 4-bit binary counter 


dual retriggerable precision monostable multivibrator 
BCD to 7-segment latch/decoder/driver for LCDs 
9-bit x 64-word FIFO register; 3-state 
phase-locked-loop with lock detector 

8-bit synchronous BCD down counter 


8-bit synchronous binary down counter 
4-bit bidirectional universal shift register; 3-state 
4-bit x 16-word FIFO register 


* Types with a bus driver output stage. 
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849 
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877 
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ORDERING 
INFORMATION 


TYPE NUMBER DESIGNATIONS 


PC 74 XXX XXXXX = X 


LL package code; P = plastic; T = plastic mini-pack (SO) 
device number (up to 5 digits; may include a suffix letter ™) 


HC = CMOS input switching levels; supply voltage 
range 2 to 6 V;; fully buffered 


HCT = TTL input switching levels; supply voltage 
range 4.5 V to 5.5 V, fully buffered 


HCU = CMOS input switching levels; supply voltage 
range 2 to 6 V; unbuffered (single-stage devices) 


74 = temperature range: —40 to +85 °C or —40 to +125 °C 


PC = family identification (high-speed CMOS) 


7293074.1 


type number 


PC74XXXXXXXXX designation 


XXXXXX X 


terminal 1 
identification 


factory identification layout identification 


date code 


* Example suffix ‘B’’: this type has bus driver output capability in contrast with the plane version. 
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RATING SYSTEMS 


The rating systems described are those recommended by the Interna- 
tional Electrotechnical Commission (IEC) in its Publication 134. 


DEFINITIONS OF TERMS USED 
Electronic device. 


An electronic tube or valve, transistor or other semiconductor device. 


Note: This definition excludes inductors, capacitors, resistors and 
similar components. 


Characteristic 


A characteristic is an inherent and measurable property of a device. 
Such a property may be electrical, mechanical, thermal, hydraulic, 
electro-magnetic, or nuclear, and can be expressed as a value for 
stated or recognized conditions. A characteristic may also be a set of 
related values, usually shown in graphical form. 


Bogey electronic device 


An electronic device whose characteristics have the published nomi- 
nal values for the type. A bogey electronic device for any particular 
application can be obtained by considering only those charactersistics 
which are directly related to the application. 


Rating 


A value which establishes either a limiting capability or a limiting 
condition for an electronic device. It is determined for specified values 
of environment and operation, and may be stated in any suitable terms. 


Note: Limiting conditions may be either maxima or minima. 


Rating system 


The set of principles upon which ratings are established and which 
determine their interpretation. 


Note: The rating system indicates the division of responsibility 
between the device manufacturer and the circuit designer, with the 
object of ensuring that the working conditions do not exceed the 
ratings. 


ABSOLUTE MAXIMUM RATING SYSTEM 


Absolute maximum ratings are limiting values of operating and environ- 
mental conditions applicable to any electronic device of a specified 
type as defined by its published data, which should not be exceeded 
under the worst probable conditions. 


These values are chosen by the device manufacturer to provide 
acceptable serviceability of the device, taking no responsibility for 
equipment variations, environmental variations, and the effects of 
changes in operating conditions due to variations in the characteristics 
of the device under consideration and of all other electronic devices in 
the equipment. 


The equipment manufacturer should design so that, initially and 
throughout life, no absolute maximum value for the intended service is 
exceeded with any device under the worst probable operating con- 
ditions with respect to supply voltage variation, equipment component 
variation, equipment control adjustment, load variations, signal varia - 
tion, environmental conditions, and variations in characteristics of the 
device under consideration and of all other electronic devices in the 
equipment. 


RATING 
SYSTEMS 


DESIGN MAXIMUM RATING SYSTEM 


Design maximum ratings are limiting values of operating and environ- 
mental conditions applicable to a bogey electronic device of a speci- 
fied type as defined by its published data, and should not be exceeded 
under the worst probable conditions. 


These values are chosen by the device manufacturer to provide 
acceptable serviceability of the device, taking responsibility for the 
effects of changes in operating conditions due to variations in the 
characteristics of the electronic device under consideration. 


The equipment manufacturer should design so that, initially and 
throughout life, no design maximum value for the intended service is 
exceeded with a bogey device under the worst probable operating 
conditions with respect to supply voltage variation, equipment com 
ponent variation, variation in characteristics of all other devices in the 
equipment, equipment control adjustment, load variation, signal varia 
tion and environmental conditions. 


DESIGN CENTRE RATING SYSTEM 


Design centre ratings are limiting values of operating and environ 
mental conditions applicable to a bogey electronic device of a speci 
fied type as defined by its published data, and should not be exceeded 
under normal conditions. 


These values are chosen by the device manufacturer to provide 
acceptable serviceability of the device in average applications, taking 
responsibility for normal changes in operating conditions due to rated 
supply voltage variation, equipment component variation, equipment 
control adjustment, load variation, signal variation, environmental 
conditions, and variations in characteristics of all electronic devices. 


The equipment manufacturer should design so that, initially, no design 
centre value for the intended service is exceeded with a bogey 
electronic device in equipment operating at the stated normal supply 
voltage. 
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FUNCTIONAL DIAGRAMS 
IEC LOGIC DIAGRAMS 


FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCTOO 


72Z87488.1 


7287401.1 


Quad 2-input NAND gate 


HC/HCT02 


7290977 


7Z87403.1 


Quad 2-input NOR gate 


HC/HCT03 


7293394 


7293397 


Quad 2-input NAND gate 
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~FUNCTIONAL/ 
VEC'LOGIC 
‘DIAGRAMS 


HC/HCT04 


7290947 


7Z287406.1 


Hex inverter 


HCU04 


7290947 


7287406.1 


Hex inverter (unbuffered) 
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~FUNCTIONAL/ 
“TEC LOGIC 
DIAGRAMS 


HC/HCT08 


7293601 
7293603 


Quad 2-input AND gate 


HC/HCT10 


7293367 


7293368 


Triple 3-input NAND gate 


HC/HCT11 


7Z87416.1 7293164 


Triple 3-input AND gate 
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-FUNCTIONAL/ 
JEC:LOGIC 
DIAGRAMS 


HC/HCT14 


7293647 


7293646 


Hex inverting Schmit trigger 


HC/HCT20 


7Z93767 7293764 


Dual 4-bit NAND gate 


HC/HCT27 


7Z87418.1 7293113 


Triple 3-input NOR gate 
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FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT30 


7293815 
7293817 


8-input NAND gate 


HC/HCT32 


7290989 


7287420.1 


Quad 2-input OR gate 


IEC SYMBOL 
IN 
PROGRESS 


7293941 


Dual AND-OR gate 
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FUNCTIONAL/ 
_lEC LoGic 
‘DIAGRAMS 


HC/HCT73 


7Z93188.1 


7293189 


Dual JK flip-flop with reset; negative-edge trigger 


HC/HCT74 


7293118.1 


7293119 


Dual D-type flip-flop with set and reset; positive-edge trigger 
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FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT75 


7293147 


7293148 


Quad bistable transparent latch 


HC/HCT85 


7293223 


7293224 


4-bit magnitude comparator 
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FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT86 


7287490 


7287410.1 


Quad 2-input EXCLUSIVE —OR gate 


HC/HCT93 


7293823 


7293822 


4-bit binary ripple counter 


HC/HCT107 


72Z293220.1 


Dual JK flip-flop with reset; negative-edge trigger 


7293195 
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FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT 109 


7293133.1 


7293134 


Dual JK flip-flop with set and reset; positive-edge trigger 


HC/HCT112 


7293651 


7Z93652 


Dual JK flip-flop with set and reset; negative-edge trigger 
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FUNCTIONAL/ 
lEC LOGIC 


HC/HCT123 


7Z93287 


7293288 


Dual retriggerable monostable multivibrator with reset 


HC/HCT125 


7293371 


7293372 


Quad buffer/line driver; 3-state 
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FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT126 


7293377 


7293376 


Quad buffer/line driver; 3-state 


HC/HCT132 


7293336 Quad 2-input NAND Schmitt trigger 


HC/HCT138 


ENABLE 
EXITING 


7Z93229.1 


7293230 


3-to-8 line decoder/demultiplexer; inverting 
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FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT139 


1Aq DECODER 


nu ODO oO fF 


2A, DECODER 


9 7290955 


Dual 2-to-4 line decoder/demultiplexer 


HC/HCT 147 


HPRI/BCD 


_ 


12 |13 11 2 3 4 5 
a0 
e O e ° e O O © e 


o Oo N OO OF FSF W NH 


6 e e 6 
¥3 Y2 Yy 
14 6 7 


9 7293174 


7293173 


10-to-4 line priority encoder 


HC/HCT151 


fo 


MULTIPLEXER 


SOO PWN - CO NN 


7293157 


7Z93156 


' 8-input multiplexer 
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FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT153 


aoa 


MULTIPLEXER 


MULTIPLEXER 


7293127 


Dual 4-input multiplexer 7293126 


HC/HCT154 


DECODER 


ne: 
Sm 
-_ Oo oO OF 9. O- O- 0. oO 9 9 9 8 9 OD G 

1 2 3 4 5 6 7 8 9 10 14 4115 |16 


7287434 


7287485 
4-to-16 line decoder/demultiplexer 


HC/HCT157 
2 3 5 6 11 10 14 
ee ee 
SELECTOR 


MULTIPLEXER OUTPUTS 
a ra ae 
4 7 9 


Quad 2-input multiplexer 


12 
7290973 
7290972 
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_FUNCTIONAL/ 
DIAGRAMS 


HC/HCT158 


MULTIPLEXER 


OUTPUTS 


72874371 


: : . \ 7287494.1 
Quad 2-input multiplexer; inverting 


HC/HCT160 


Ln} ,_ CTROIVIO 


fo 


am 


7293615 
7293610 


Presettable synchronous BCD decade counter; asynchronous reset 


HC/HCT161 


3 4 
ee 
ae oor 


OF PARALLEL LOAD CIRCUITRY 


7293616 4cT= 15 


7293611 


Presettable synchronous 4-bit binary counter; asynchronous reset 
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FUNCTIONAL/ 
IEC LOGIC 
“ DIAGRAMS 


HC/HCT162 


CTRDIV1O 
R 


7293617 
7293612 


Presettable synchronous BCD decade counter; synchronous reset 


HC/HCT163 


7293618 
7293613 


Presettable synchronous 4-bit binary counter; synchronous reset 


HC/HCT 164 


8-BIT SERIAL-IN /PARALLEL- OUT 
SHIFT REGISTER 


7293344 


7293343 


8-bit serial-in/parallel-out shift register 
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FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT165 


SRG8 
G1 (SHIFT) 
C2 (LOAD) 


8-BIT SHIFT REGISTER 
PARALLEL -IN / SERIAL - OUT 


7Z87440.1 


8-bit parallel-in/serial-out shift register UeSTEES 


HC/HCT166 


8 - BIT PARALLEL/SERIAL-IN/ 
SERIAL-OUT SHIFT REGISTER 


7293180 


7293179 
8-bit parallel-in/serial-out shift register 


HC/HCT173 


7293636 


7293638 Quad D-type flip-flop; positive-edge trigger; 3-state 
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FUNCTIONAL/ 


IEC LOGIC 
DIAGRAMS 


AIAN SAE AEA AED 28 EE RESALES FLEA AIOE OR IO, EO EWA LPP? FELD PERSIA 8 OSM OREN ITNT IONE MINER AT ENE A OEY FI CORE A OR RL REECE OE UELAERT DOELSE CU REND POMPE POISE EIT APO RO OAPI ENTAIL ET TE  SSEOTETOM 


HC/HCT174 


fo oD 
Te: 
an 
_s Ty 
uw Per | 
Se eed \ | 
- N 
ae 1:2 
ae 
Jans ; 


7793658 


hex D-type fip-tloo with reset: positive-edge trigger 


by 


HC/HCT175 


| 


7293243 


Quad D-type flip-flop with reset; positive-edge triager 


a 


crn nce aeereenaereeaereAninninreeintTtrt nneSnReNnAArrReee een enenIneeeRnenEeMNnIN ON tg 


2 Penner et ener nent trent Ae i 


HC/HCT 182 


13 


a 


7293771 


7293772 


Look-ahead carry generator 


43 
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FUNCTIONAL/ |. 
lEC.LOGIC | 
DIAGRAMS A 


HC/HCT190 


2 


ae 
sees 


7293998 


Presettable synchronous BCD decade up/down counter 


HC/HCT191 


COUNTER 
Jo [a1 [a2 | 


7293998 


Presettable synchronous 4-bit binary up/down counter 


HC/HCT192 


_ FLIP FLOPS 


Bo: @y 192 | 
3 2 6 7 


7293999 


Presettable synchronous BCD decade up/down counter 
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CTRDIV10 


2CT=0/2CT=9 
1,2,4CT=0 
1,2,4CT=9 


7293715 


1,2,4CT=0 
1,2,4CT=15 


7293716 


7293717 


, FUNCTIONAL/ 
IEC. LOGIC 
DIAGRAMS 


HC/HCT193 


COUNTER ‘i 


4}CPp 
FLIP FLOPS 
ag | ay [O22 | 
3 |2 |e |7 


7293999 


7Z93718 
Presettable synchronous 4-bit binary up/down counter 


HC/HCT194 


3 4 6 
CONTROL LOGIC 


Do 09 
FF1 to FF4 


e 
7293140 15 14 13 


7293139 


4-bit bidirectional universal shift register 


HC/HCT195 


7290785 
7287443 


4-bit parallel access shift register 


January 1986 


45 


46 


FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT238 


Fa 
ca 
— ENABLE 
DECODER EXITING 
el 
ia 
ial 


7293236.1 


7Z93237 


3-to-8 line decoder/demultiplexer 


HC/HCT240 


7290962 


7230963 


Octal buffer/line driver; 3-state; inverting 
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FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT241 


7287448 


Octal buffer/line driver; 3-state 
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FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT242 


13F 


7293198.1 


Tzes109 +©SCS «ss Quad bus transceiver; 3-state; inverting 


HC/HCT243 


> ENABLE 
So EXITING 
co 


7293205.1 


7293206 
Quad bus transceiver; 3-state 


January 1986 


IEC LOGIC 
DIAGRAMS 


HC/HCT244 


7287460 


Octal buffer/line driver; 3-state 
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FUNCTIONAL/ 
IEC LOGIC 
. DIAGRAMS. 


HC/HCT245 


7Z87452.1 


Octal bus transceiver; 3-state 
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FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT251 


N OO fF WN | CN 


7293103 


7293102 


8-input multiplexer; 3-state 


HC/HCT253B 


7287454. 1 


7287862 


Dual 4-input multiplexer; 3-state 


HC/HCT257 


2 3 5 6 14 13 im 
SELECTOR 


3-STATE MULTIPLEXER OUTPUTS 
4 7 12 


7287432.1 
7287851 


Quad 2-input multiplexer; 3-state 
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-FUNCTIONAL/ 
TEC’LOGIC 
“DIAGRAMS 


pS Mme ten be a8 


HC/HCT259 


7Z93313 
7293312 


8-bit addressable latch 


HC7266 


7293390 


7293389 


Quad 2-input EXCLUSIVE-NOR gate 


HC/HCT273 


7293258 


7293269 


Octal D-type flip-flop with reset; positive-edge trigger 
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FUNCTIONAL/ 
AEC:-LOGIC 
‘DIAGRAMS 


HC/HCT280 


9 
Be 


7287457 


7287499 


9-bit odd/even parity generator/checker 


HC/HCT283 


Ay |Bo A3 [82 Ay |B4 


7293830 


7293829 


4-bit binary full adder with fast carry 


HC/HCT297 


MODULO-K 
COUNTER 


BORROW 


1/D CIRCUIT 
BA 
2 We, ,> XORPD gut | 11 


IEC SYMBOL 
IN 
PROGRESS 


Digital phase-locked-loop filter 


7296075 
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FUNCTIONAL/ 
lEC LOGIC 
DIAGRAMS 


7293275 


8-bit universal shift register; 3-state 


HC/HCT365 


7293676 


HC/HCT366 


7293677 


7293683 Hex buffer/line driver; 3-state; inverting 


a CNT EOE TSAI IAT LSE TTY 
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FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT367 


7293678 


Hex buffer/line driver; 3-state 
7293685 


HC/HCT368 


7293679 


Hex buffer/line driver; 3-state; inverting 
7293687 


HC/HCT373 


72932563 
7293252 


Octal D-type transparent latch; 3-state 
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FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT374 


7290968 


7290967.1 


Octal D-type flip-flop; positive-edge trigger; 3-state 


HC/HCT377 


7293109 
7293110 


Octal D-type flip-flop with data enable; positive-edge trigger 


HC/HCT390 


+2 


COUNTER j 
J 


in| | conten fas 
COUNTER InQg| 7, 


7293778 


. 7293777 
Dual decade ripple counter 
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HC/HCT393 


4-BIT 
BINARY 
RIPPLE 

COUNTER 


COUNTER 


7293349 


7293350 


Dual 4-bit binary ripple counter 


HC/HCT423 


7293296 


7293297 


Dual retriggerable monostable multivibrator with reset 
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HC/HCT533 


7290986 


7Z90984.1 


Octal D-type transparent latch; 3-state; inverting 


HC/HCT534 


7287460.1 


7Z87496.1 


Octal D-type flip-flop; positive-edge trigger; 3-state; inverting 


HC/HCT563 


3-STATE 
OUTPUTS 


7Z287463.1 


7287864 


Octal D-type transparent latch; 3-state; inverting 
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HC/HCT564 


7293784 


3-STATE 
FF1to FFB es ieee 
a 


Octal D-type flip-flop; positive-edge trigger; 3-state; inverting 


7Z93785 


HC/HCT573 


7287873 


7Z87874 


Octal D-type transparent latch; 3-state 


FF 1 to FF8 3-STATE 
OUTPUTS 


HC/HCT574 


~N oO Ww nN => oO 


7293866 


Octal D-type flip-flop; positive-edge trigger; 3-state 


7293867 
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HC/HCT7597 


8-BIT 
SHIFT 
REGISTER 


' 7293804 


8-bit shift register with input latches 
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DIAGRAMS 


HC/HCT640 


7287466.1 


Octal bus transceiver; 3-state; inverting 
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FUNCTIONAL/ 
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DIAGRAMS 


HC/HCT643 


7Z90994 


7290998 


Octal bus transceiver; 3-state; true/inverting 
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FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT646, 


7293919 


7293920 Octal bus transceiver/register; 3-state 


HC/HCT648 


7293929 


7293930 Octal bus transceiver/register; 3-state; inverting 
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DIAGRAMS 


HC/HCT670 


RAM4x4 


LATCHES AND 
WRITE ENABLE LOGIC 


SELECT AND 
READ ENABLE LOGIC 


7293912 


4 x 4 register file; 3-state 


HC/HCT688 


7287895 


7287468.1 


8-bit magnitude comparator 
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DIAGRAMS 


HC/HCT4002 


7293167 


72Z87428.1 


Dual 4-input NOR gate 


HC/HCT4016 


7293303 


7293302 


Quad bilateral switches 


HC/HCT4017 


CTRDIV10/ 


5 —~STAGE JOHNSON COUNTER 


DECODING AND OUTPUT CIRCUITRY 


0 [21 |22 {23 Jo [as fag es | 
3 ]2 |4 }7 fio {1 [5 |e Jo fat 


on oa kr WN + O 


7293665 


7Z93664 


Johnson decade counter with 10 decoded outputs 
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DIAGRAMS 


HC/HCT4020 


14-STAGE COUNTER 


Oo On OO BW O 


7Z93387 


7293382 


14-stage binary ripple counter 


HC/HCT4024 


7 -STAGE COUNTER 


7293872 


7-state binary ripple counter 


HC/HCT4040 


12-STAGE COUNTER 


oon oar WN = CO 


= 
- oO 


7293879 


12-stage binary ripple counter 
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HC/HCT4046A 


C1 
Cip COMP} ny ® 
PLL 
YY VY 4046A po 
PHASE PCtour | » PCOI! 
12 Y | COMPARATOR }- = --—--44, PCOIII 
1 \ 
\ PP 
n2| \ 
vco PHASE PC3 RS 
th 
a Pad COMPARATOR our e--- ef 
11 3 / C2 


/ 
R14 i PHASE 13; 
COMPARATOR } PCPoyt fy 
Z \ A 2 
DEMout Tinh =| VCO1n 7296025 


[Rs 7296026 


Phase-locked-loop with VCO 


HC4049 


7293755 


7293754 


Hex inverting HIGH-to-LOW level shifter 
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DIAGRAMS | 


HC4050 


7293759 


7293758 


Hex H!GH-to-LOW level! shifter 


HC/HCT4051 


LOGIC 
LEVEL 
CONVERSION DECODER 


1-—of-—-8 


7Z293210,1 


7Z93211 


8-channel analog multiplexer/demultiplexer 
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IEC LOGIC 
DIAGRAMS 


HC/HCT4052 


i 1-of-4 


7293954 


: DECODER 


7293955 
Dual 4-channel analog multiplexer/demultiplexer 


HC/HCT4053 


7Z93965 


7293966 


Triple 2-channel analog multiplexer/demultiplexer 
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DIAGRAMS 


HC/HCT4060 
iS 
| oa = | 14—STAGE BINARY COUNTER | 
7293323 
7293322 
14-stage binary ripple counter with oscillator 


HC/HCT4075 


7293161 
7Z87430.1 


Triple 3-input OR gate 


8-STAGE SHIFT . 
CP 


REGISTER a 


8-BIT STORAGE 
REGISTER 


3-STATE OUTPUTS 


ap, |aP, ar, 


7293856 


8-stage shift-and-store bus register 


HC/HCT4094 
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FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT4316 


LOGIC LEVEL 
CONVERSION 


7293977 


7293978 Quad bilateral switches 


LOGIC LEVEL IEC SYMBOL 
CONVERSION IN 
& DECODER 


elias PROGRESS 


7296061 


8-channel analog multiplexer/demultiplexer with latch 
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FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT4352. 


LOGIC LEVEL / IEC SYMBOL 


CONVERSION 
DECODER IN 


PROGRESS 


& 
LATCHES 


HC/HCT4353 


ECNWERSION IEC SYMBOL 
& DECODER | N 
LATCHES 
PROGRESS 


7Z96071 


Triple 2-channel analog multiplexer/demultiplexer with latch 
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HC/HCT4511 


BCD/7SEG [> 
(T] 


7 1 2 
pee 
LATCHES 


DECODER 


a10,11 


G10[B1] 


b10,11 


c10,11 


d10,11 


e 10,11 


£10,11 


10,11 


7293694 


BCD to 7-segment latch/decoder/driver 


HC/HCT4514 


On Oot WN | CO 


= = 
- Oo © 


O DECODER 
20 Jos Jo2 [as foe [os | Jor [oe [2s fora|2rsforlar9)%r4 
11 «49 6 |5 44 |18 417 [20 419 414 [13 416 


7 


—_— 
WO N 


7293901 


= = 
a + 


7293898 7293937 
4-to-16 line decoder/demultiplexer with input latches decoder demultiplexer 


HC/HCT4515 


LATCHES 


DECODER 


OoOmon oot WHY —- CO 
= 
oO ON DO oO fF WwW DY =| CO 


~~ 
= 


7293900 


7293899 7Z93938 
4-to-16 line decoder/demultiplexer with input latches decoder demultiplexer 
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DIAGRAMS 


HC/HCT4518 


CTRDIV10 


7Z93792 7293791 


Dual synchronous BCD counter 


HC/HCT4520 


7293792 7293799 


Dual synchronous 4-bit binary counter 


HC/HCT4538 


7293890 


saya Dual retriggerable precision monostable multivibrator 
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head 


FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


— eee whereas eee 
HC/HCT4543 
ea BCD/7SEG 
ie ae ee 
CECCDLR 
ReGRReeea 
DRIVERS 
7293264 
7293265 
BCD to 7-segment latch/decoder/driver for LCDs 
HC/HCT7030 


MAIN FIFO OUTPUT 
REGISTER STAGE 
1x9 BITS 62x9 BITS 1x9 BITS IEC SYMBOL 
IN 
PROGRESS 


7Z93888.1 


9-bit x 64-word FIFO register; 3-state 


January 1986 75 


FUNCTIONAL/ 
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HC/HCT7046A 


PHASE ‘ 
| COMPARATOR : 
1 \ 
\ 
\ 3 
PHASE \ 
COMPARATOR ae, SE 
2 C2 
LOCK 
DETECTOR 


10 5 9 1 15 


vco 


7296088 


7296089 


Phase-locked-loop with lock detector 


HC/HCT40102 


IEC SYMBOL 
IN 
PROGRESS 


8-bit synchronous BCD down counter 
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FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 


HC/HCT40103 


IEC SYMBOL 
IN 
PROGRESS 


8-bit synchronous binary down counter 


HC/HCT40104 


4- BIT SHIFT REGISTER 


3~-STATE OUTPUT 


So osc “oes “ae 
15 14 13 


7287471 


72Z90980.1 


4-bit bidirectional universal shift register; 3-state 


HC/HCT40105 


INPUT BUFFERS OUTPUT BUFFERS 


IEC SYMBOL 
IN 
PROGRESS 


9 7293838 


4-bit x 16-word FIFO register 
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SUMMARY 


SUMMARY OF IEC SYMBOLOGY 


INTRODUCTION 


The logic symbology used in the HCMOS published data 
follows the system developed by the International Electro- 
technical Commission (IEC). The representation is very 
effective in that it shows the exact relationship between 
every input and output of digital circuits without having to 
detail internal logic. Basic logic functions are represented 
by symbols; in the symbols for more complex functions, 
use is made of ‘dependency notation’ that specified inter- 
relationships of the digital inputs/outputs. 


This summary describes the various elements used in symbol 
construction and the rules and definitions that apply. 


SYMBOL COMPOSITION 


A symbol comprises an outline or a combination of outlines together 
with one or more qualifying- symbols (Fig. 1). The purpose of a general 
qualifying-symbol is to accurately portray the logic function of the 
element and those used in this handbook are listed in Table 1. The 
preferred direction of signal flow through symbols and associated 
circuit is from left to right; inputs are on the left and outputs on the right. 
Exceptions to this convention are indicated by arrowheads in the signal 
lines showing the direction of signal flow, as shown in Fig. 12. 


All outputs of a single element of asymbol have internal logic states that 
are determined by the element’s function, unless otherwise indicated 
by an associated qualifying- symbol. 


general 
qualifying symbol 


qualifying symbols 


out lines 


input lines < 


Fig. 1 Symbol composition. 


Adjacent elements in a composite symbol may be joined by acommon 
boundary line. When this boundary line is parallel to the direction of 
signal flow there is no logic connection between the elements, but 
when the line is perpendicular to the direction of signal flow then there 
is at least one logic connection between them. The number of logic 
connections between elements is shown by qualifying- symbols, but if 
there are no qualifying-symbols on either side of the common line then 
the elements have just one logic connection. 


When a composite symbol contains at least one input common to one 
or more of the elements, a common-control block can be used. In the 
example of Fig. 2 the common-control block provides an input to each 
of the elements belowit, this can be otherwise qualified by dependency 
notation. 
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7s oromen control block 


Ee 


Fig. 2 Common-control block. 


An output that depends on all elements of a composite symbol can be 
shown as an output from a common-output element. This part of the 
symbol is distinguishable by a double boundary line as shown in Fig. 3. 
The common-output element may have other inputs. Its function must 
be indicated by a qualifying- symbol within the outline. 


Fig. 3 Common-output element. 


QUALIFYING SYMBOLS 


General qualifying-symbols 


Table 1 shows the general qudlifying- symbols used in this 
publication. These characters are usually placed near the top centre of 
a symbol element and define the logic function that is represented by 
the symbol or element. 


IEC symbology SUMMARY 


Table 1 Qualifying-symbols - General 


qualifying- qualifying = 
symbol definition symbol definition 
& AND element. If all inputs are at internal P-Q Subtractor 
logic "1°" then the output is at internal 
logic "1" CPG Look-ahead carry generator 
>m Logic threshold element. If at least m inputs I Multiplier 
are at internal logic ”1” then the output is 
at internal logic "1” COMP Comparator 
>1 OR element. If at least one input is at ALU Arithmetic logic unit 


internal logic ”1” then the output is at 
internal logic ”1” | | Retriggerable monostabie element 
=m m-out-of-n element. Given thatm <n; ifm 
inputs are at internal logic "1" then the 
tL 


: cerern Non-retriggerable monostable element 
output is at internal logic "1 


| =1 EXCLUSIVE -OR element. If only one input is at G 
internal logic "1" then the output is at Astable element 
internal logic "1” | | | | 


= Logic identity element. If all inputs have 


the same logic state then the output is at IG 

internal logic "1" | | | | Synchronous - starting astable element 
>n/2 Majority element. If the majority of inputs - 

are at internal logic ”1” then the output is G! 

at internal logic °1” | | Synchronous - stopping astable element 
2k Even element. If an even number of inputs are 

at internal logic 1” then the output is at 

internal logic *1” SGRm Shift register. "m” = number of bits 
2k +1 Odd element. If an odd number of inputs are 

at internal logic ”1” then the output is at CTRm Binary counter. "m” = number of bits or 

internal logic "1" is an indication of the cycle length 2™ 
1 Buffer element without amplified output. If CTRDIVm Counter with cycle length m 


the input is at internal logic "1" then the 
output is at internal logic "1” 


ROMm1xm2_ Read only memory 
» or Buffer element with amplified output. The m1 is the 
| triangle points in the direction of signal PROMm1xm2 Programmable read only belle of 
wor 
flow memory 
ae Bi-threshold detector. Schmitt- trigger 
RAMmixm2 Random access memory 
X/Y Coder or code converter. X and Y may be 
replaced by appropriate indications of the 
codes used CAMmixm2_ Associative memory m2 is the 
number of 
MUX Multiplexer/ data selector bits per 
DX Demultiplexer FIFOm1xm2 _ First-in/first- out memory weld 
MUXDX Bidirectional selector 1=0 Initial logic "0” state. When power is 
switched ON, the element goes to 
i> Adder internal logic "0” 
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qualifying - 
symbol definition 


Initial logic ’1” state. When power is 
switched ON, the element goes to 
internal logic ”1” 


Non -volatile. The internal logic state 
is maintained regardless of power ON 
or OFF 


Very complicated element. Depicted by 
a ‘grey box’ symbol. Within the ‘grey 
box’ outline, the ® qualifying- symbol 

is accompanied by a further qualifying 
expression, e.g. ERR - for error detector 


Qualifying-symbols for inputs and outputs 


Referring to Table 2, qualifying-symbols for inputs and outputs, the 
logic negation indicator is used in pure logic diagrams to indicate that 
an external logic "0” ("1") produces an internal logic ”1” ("0") at the 
input, or that an internal logic ”1” ("0") produces an external logic ”0” 
("1") at the output. 


The polarity indicator is used in detailed logic diagrams to indicate 
which logic level corresponds with the internal logic ”1”. The following 
may occur: 


-  aninput or output with polarity indicator indicates 
that the logic level "L” (LOW) corresponds to an 
internal logic "1”. 

- aninput or output without polarity indicator 
indicates that the logic level "H” (HIGH) corresponds 
to an internal logic ”1”. 


In an array of elements, if the same general qualifying- symbol and the 
same qualifying-symbols associated with inputs and outputs should 
appear inside each element of the array, then they are usually shown 
only in the first element. Similarly, for large identical elements with 
subdivisions, the subdivisions may be shown only in the first element. 
This is done to simplify the array and ease recognition. As an example, 
omissions of both repeating qualifying- symbols and epaviging lines 
can be seen in the HC/HCT242 symbol. 
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: Table 2 avai: ee Inputs and Outputs 


qualinine: - 
symbol definition of input or output 


Logic negation at an input. An external.logic _ 
0” ("1") produces an internal logic 1” 
("0") 


Logic negation at an output. An internal 
logic ”1” ("0") produces an external logic 
70” c | a 


Polarity indicator at an input. A logic "L” 
(LOW) level ("H” (HIGH) level) at an input 
produces an internal logic ”1” at that input 


Polarity indicator at an output. An internal 
logic ”1” ("0") at an output produces a logic 
"L” (LOW) level ("H” (HIGH) level) at that output 


Polarity indicator at an input where the 
signal flow is from right to left 


Polarity indicator at an output where the 
signal flow is from right to left 


(a) ——<—— indicator for direction of signal flow: 
(a) from right to left; 
(b) from bottom to top. 

(b) With no indication of direction, flow is tel: 
to right or top to bottom 


—<—>— Bidirectional information flow (alternate) 


a Non-logic connection 
a | -* Input for analogue signals 


#77 Input for digital signals (used only to avoid — 
confusion) 


IEC symbology SUMMARY 


Symbols inside the outline Table 3 Symbols inside the outline 
Table 3 shows some of the symbols used within the symbol- outlines. Saas 

Other symbols used in this handbook but not shown here are self- symbol inside . 

explanatory. Generally these are associated with arithmetic operations outline explanation 


but all are in accordance with the IEC system. When non-standard 
information is shown inside a symbol-oultline, it is enclosed in square 
brackets. 


Solidus. Separator used in input and 
output labels. May be interpreted as an 
OR function , 


It can be seen in Table 3 that open-collector, open-emitter and 
three - state outputs have distinctive symbols. Note that an enable input 
(EN) affects all of the circuit outputs and has no effect on the inputs. 
When an enable input affects only certain outputs and/or one or more 
inputs, a form of dependency notation will indicate this (see ‘Depen- 
dency Notation, EN-dependancy’). 


Comma. Separator with no logic 
significance 


Delayed output symbol for pulse and data- 
lock-out elements. The output change is 
delayed until the input that initiated 

the change (e.g. a °C” input) returns to 


Another important point is that a D-input is always the data input ofa nay 
its initial external state or level 


storage element. An internal logic 1” at the D-input sets the storage 
element to its "1" state, and an internal logic ”0” at the D-input resets 
the storage element to its ’0” state. 


a Bi-threshold inputs. Inputs with 

ee . ames 25. —r hysteresis 
rouping of inputs or outputs is indicated by the bit- grouping symbol. a 

Binary- weighted inputs are arranged in order and the binary weights of 
the least-significant and the most-significant lines are indicated by 
numbers. The weights of input and output lines are represented by 
powers - of-two only when the bit- grouping symbol is used, otherwise 
decimal equivalents are used. Inputs grouped together by this symbol 
produce an internal number that is the sum of the individual input a 
weights at logic "1". This number can be a number on which a 2] 
mathematical function is performed, an identifying number used in one 
dependency notation or a value that becomes the content (CT) of the 
element (see Fig. 29). A frequent use of the bit- grouping symbol is in 
memory addressing, see also ‘Use of Bit- grouping to Produce Affec - 
ting Inputs’. For outputs, usage of the bit- grouping symbol is similar to 
that of inputs; the number produced by the sum of the output weights 
is the internal number, or the content (CT) produced by the circuit. 


level 


| Open output with low-impedance ”L” (LOW) 


Passive pull-up output. Similar to open 
output with low-impedance ”L” level but 
with a built-in passive pull-up 


ee Open output with low-impedance ”H” 
o}— (HIGH) level 


The symbols shown in Table 3 may be used to indicate the internal 
connections between logic elements abutted together. Each logic 
connection may be shown by qualifying- symbols at one or both sides 
of the common line, however, if confusion could arise about the 
number of connections, one of the internal connection symbols may be 
used. 


The internal (virtual) input is an input originating somewhere within the 
circuit and not connected directly to a terminal, and similarly the 
internal (virtual) output is not connected directly to a terminal. 
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QUALIFYING-SYMBOLS (continued) 


Table 3 Symbols inside the outline (continued) 


symbol inside 


explanation outline 


outline 
Passive pull-down output. Similar to 
open output with low-impedance ”H” level 


3] — 
ies but with a built-in passive pull-up -- 
ai Three-state output 
V 


fi 


—- 
se bas 


a...g 
a: 
Enable input. When at internal logic ~~ 
"4", all outputs are enabled. When at 
internal logic ”0”: open outputs are 
OFF; three-state outputs retain their 
normal, defined internal logic state but 


give an external high-impedance state; 
all other outputs are at internal logic 


0” —_ = 
Pm 
R, S, C, T Control inputs of bistable elements ae 


J,K,R,S,D — Information inputs of bistable elements 

~~ Shift input. The direction of shift is 
——*M to the right or down when the arrow 

™~7 points to the right, or to the left 

-- or up when the arrow points to the left. 
<-—iM The number may be ommitted when ”m’” = 1 


Counting input. Count-up and count-down 
are indicated by + and - respectively. 

The number ”m” is the count per command 
and may be ommitted when ’m” = 1 


power of 2 in the group 


1 Bit- grouping symbol. "m” is the highest 
J 
m 


Content input. The internal logic ”1” 
sets the element to the value ”m” 


—{cten 


Content output. ”*” is the value of the 
element that sets the output to an 
internal logic 1” 

(e.g. CT = 0,CT 2B 5, CT # 4...9) 


(LC Line- grouping symbol. The inputs or 


outputs enclosed by this symbol form a 
single logic input or output 


Fixed-mode input. This input is 
permanently at internal logic ”1” 


["" 
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symbol inside 


explanation 


Fixed-state output. This output is 
permanently at internal logic ”1” 


Seven segments of a display element 


Extension input. Input intended for 
connection to an extender output 


~ «| Extender output. Output to an extension input 


Operand input. This input represents one 
bit of an operand on which one or more 
mathematical functions are performed; 
"m” is the decimal equivalent of the 
weight of the bit. If the weights of 

all Pm inputs of the element are powers 
of 2 then "m” is the exponent of the 
power of 2 


Operand input. See Pm 


‘Smaller-than’ input to a magnitude 
comparator 


‘Greater-than’ input to a magnitude 
comparator 


‘Equal’ input to a magnitude comparator 


‘Borrow-in’ input to an arithmetic 
element 


‘Borrow- generate’ input to an arithmetic 
element 


‘Borrow- generate’ output from an 
arithmetic element 


IEC symbology SUMMARY 


symbol inside 
outline 


oo 
a3 
aH 
fi 
fe 
qe 
qe 
fe 
qe 


Cd 


explanation 


‘Borrow- out’ output from an arithmetic 
element 


‘Borrow- propagate’ input to an 
arithmetic element 


‘Borrow- propagate’ output from an 
arithmetic element 


‘Carry-in’ input to an arithmetic 
element 


‘Carry-generate’ input to an 
arithmetic element 


‘Carry-generate’ output from an 
arithmetic element 


‘Carry- generate’ output from an 
arithmetic element 


‘Carry - propagate’ input to an 
arithmetic element 


‘Carry- propagate’ output from an 
arithmetic element 


Result of a multiplication 
Result of an addition 
Result of a subtraction 


Added information 


symbol inside 
outline 


explanation 


Clock phase. ”m” is the clock phase 
number 


Connection for external capacitor(s) 


Connection for external resistor(s) 


Dynamic input. A transition from 
logic ”L” level to "H” level produces 
a transitory internal logic ”1” 


Dynamic input. A transition from 
logic ”H” level to ”L” level produces 
a transitory internal logic ”1” 


Internal connection. A logic ”1” at the 
left-hand side produces a logic ”1” at 
the right-hand side 


Negated internal connection. A logic ”1” 
at the left-hand side produces a logic 
"0” at the right-hand side 


Dynamic internal connection. A 
transition from internal logic ”0” to 
internal logic "1" at the left-hand side 
produces a transitory logic ”1” at the 
right-hand side 


Negated dynamic internal connection. A 
transition from internal logic ”1” to 
internal logic ”0” at the left-hand side 
produces a transitory internal logic ”1” 
at the right-hand side 


Internal (virtual) input. This input is 
always at internal logic ”1” state 
unless this is overridden or modified 


Internal (virtual) output. The effect on 
the internal input connected to this 
output must be indicated by dependency 
notation 
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DEPENDENCY NOTATION 


General conventions of dependency notation 


Dependency notation is the powerful tool that makes IEC symbols 
compact and yet meaningful. With IEC symbols, the relationships 
between inputs and other inputs, between outputs and other outputs, 
and between inputs and outputs are clearly illustrated without the 
necessity to show ail elements and interconnections involved. The 
information provided by dependency notation supplements that pro- 
vided by the qualifying-symbols for an element’s function. 


In dependency notation, the terms ’affecting” and ’affected” are used. 
In cases where it is not evident which inputs must be selected as being 
the affecting or the affected ones (e.g., if they stand in an AND 
relationship), the most convenient input has been chosen. 


The types of dependency described in this section are 

"G” (AND); ’V” (OR); ”N” (negate, or EXCLUSIVE-OR); 

"Z” (interconnection); "C” (control); "S” and ”R” (set and reset) ; EN” 
(enable); ”"M” (mode); and ”A” (address). 


The general rules applied to dependency notation are: 


- the input (or output) affecting other inputs or outputs is labelled 
with the letter symbol that indicates the relationship involved (e.g. 
G for AND) followed by an appropriately - chosen identifying num- 
ber; and 

- each input or output affected by that affecting input (or output) is 
labelled with that same number. 


If two affecting inputs or outputs have the same letter and the same 
identifying number, they are ORed together (see Fig. 4). 


oh 


Fig. 4 ORed affecting inputs. 


If an input or output is affected by more than one affecting input, each 
identifying number separated by a comma will appear in the label of the 
affected one. The normal reading order of these numbers is the same 
as the sequence of the affecting relationships (see Fig. 5). 
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Fig. 5 Input affected by more than one input. 


If the labels denoting the function of affected inputs or outputs are 
numbers, (e.g., outputs of a coder), the identifying number of both 
affecting inputs and affected inputs or outputs is replaced by another 
character selected to avoid ambiguity, e.g., Greek letters (see Fig. 6). 


Fig. 6 Substitution for numbers. 


If it is the complement of the input’s (or output’s) 
internal logic state that does the affecting, then a bar 
is placed over the identifying numbers at the affected 
inputs or outputs (see Fig. 7). 


if the affected input or output has a label to denote its function (e.g. 
”D”), this label will have the identifying number of the affecting input as 
a prefix (see Fig. 13). 


G-dependency 


The traditional method of showing an AND relationship was to use an 
explicit drawing of an AND gate with the signals connected to the 
inputs of the gate. With IEC symbology (see Fig. 7), input ”b” and input 
”a” are ANDed together and the complement of ”b” is ANDed with ”c”. 
The letter G has been chosen to indicate AND relationships and is 
placed at input "b”, within the outline. A number considered ap- 
propriate by the designer (1 has been used here) is placed after the 
letter G and also at each affected input. Note the bar over the 1 atinput 


” n 


Cc. 


IEC symbology SUMMARY 


To summarize G-dependancy using input G and allotted number m: 
when a Gm-input (Gm-output) is at internal logic ”1”, all inputs and 
outputs affected by Gm will be at their normally defined internal logic 
states. When the Gm-input (Gm-output) is at internal logic °0”, all 
inputs and outputs affected will be at internal logic 0”. 


V-dependency 


When a Vm-input (Vm-output) is at internal logic ”1”, all inputs and 
outputs affected by Vm will be at internal logic "1”. When the Vm-input 
(Vm-output) is at internal logic ’0”, all inputs and outputs affected by 
Vm will be at their normally defined internal logic states (see Fig. 10). 


Fig. 7 G-dependency between inputs. 


In Fig. 8, output "b” affects input ’a” with an AND relationship. The lower 
example shows it is the internal logic state of "b”, unaffected by the 
negation sign, that is ANDed. 


Fig. 10 V-dependency. 


N-dependency 


Each input or output affected by an Nm-input (or output) is EX- 
Fig. 8 G-dependency between outputs and inputs. CLUSIVE- ORed with the Nm-input (or output) (see Fig. 11). 


In Fig. 9, input ”a” is ANDed with the dynamic input ”b’. 


Fig. 11 N-dependency. 


When an Nm-input (Nm-output) is at internal logic ”1”, the internal 
logic state of each input and each output affected by Nm will be 
complemented. When an Nm-input (Nm- output) is atinternallogic 0”, 
all inputs and outputs affected by Nm will be at their normally defined 
internal logic states. 


Fig. 9 G-dependency with a dynamic input. 
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SUMMARY 


DEPENDENCY NOTATION (continued) 
Z-dependency 


Interconnection dependency is used to indicate internal logic connec- 
tions between inputs, outputs, internal inputs, and/or internal outputs. 


Allinputs or outputs affected by a Zm-input (or output) will take on the 
same internal logic state as the Zm-input (or output), unless modified 
by additional dependency notation (see Fig. 12). 


Fig. 12 Z-dependency. 


C-dependency 


Control inputs enable or disable the data (D, J, K, R or S) inputs of 
storage elements (see Fig. 13). 


When a Cm-inputis at internallogic ’1”, the inputs affected by Cm have 
their normal effect on the function of the element, i.e. these inputs are 
enabled. When a Cm- input is at internal logic 0”, the inputs affected 
by Cm are disabled and have no effect on the function of the element. 
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Fig. 13 C-dependency— 


EN-dependency 


An ENm-input has the same effect on outputs as an EN-input (see 
Table 1) but it affects both inputs and outputs that have the identifying 
number ”m”, whereas an EN-input affects all outputs and no inputs. 


The effect of an ENm- input on an affected input is identical to that of 
a Cm- input (see Fig. 14). 


Fig. 14 EN-dependency. 


IEC symbology 


When an ENm-inputis at internal logic ”1”, inputs and outputs affected 
by ENm are enabled. 


When an ENm- input is at internal logic ’0” : inputs and outputs affected 
by ENm are disabled; open outputs are turned OFF; passive pull-up 
outputs will be high-impedance "L” level; passive pull- down outputs 
will be high-impedance "H” level; 3-state outputs will have their 
normally defined internal logic states but externally exhibit high- 
impedance; and all other outputs (e.g., totem-pole outputs) will be at 
internal logic ”0”. 


S and R-dependencies 


Set and reset dependencies are used if the effect of the combination 
R=S= 1 ona bistable element must be specified. Figure 15a does not 
use S or R-dependency (? = not specified). 


When an Sm-input is at internal logic "1", outputs affected by the 
Sm- input will react, regardless of the state of an R- input, as they would 
normally react to the combination S= 1, R=0 (see Fig. 15b). 


When an Rm-input is at internal logic "1", outputs affected by the 
Rm- input will react, regardless of the state of anS - input, as they would 
normally react to the combination S=0, R= 1 (see Fig. 15c). 


The non-complementary output patterns in Figs 15d and 15e are only 
pseudo-stable. The simultaneous return of the inputs to S=R=0 
produces an unforeseeable stable and complementary output pattern. 


When an Sm or Rm input is an internal logic ”0”, it has no effect. 


Fig. 15 S and R-dependencies. 


SUMMARY 


M-dependency 


Mode dependency indicates that the effects of particular inputs and 
outputs of an element depend on the mode in which the element is 
operating. 


If an input or output has the same affect in different modes of operation, 
the identifying numbers of the relevant affecting Mm- inputs will appear 
in parentheses, separated by solidi, in the label of that affecting input 
or output (see Fig. 20). 


M-dependency affecting inputs 


When an Mm-input (Mm- output) is at internal logic ”1”, the inputs 
affected by this Mm-input (Mm-output) will be enabled. 


When an Mm-input (Mm-output) is at internal logic ”0”, the inputs 
affected by this Mm-input (Mm-output) will be dis- abled. When an 
affecting input has several sets of labels separated by solidi (e.g., 
C4/2-m/3 + ), any set in which the identifying number of the Mm-input 
(Mm-output) appears has no effect and is to be ignored. This re- 
presents the disabling of some of the functions of a multi-function 
input. 

The circuit in Fig. 16 has two inputs, "b” and ”c”, these control the one 
of four modes (0, 1, 2 or 3) that will exist at any time. Inputs "d”, "e”, and 
f” are D-inputs subject to dynamic control (clocking) by the ”a” input. 
The numbers 1 and 2 identify the operating modes, and so inputs 
”e”and "f” are only enabled in mode 1 (for parallel loading) and input ”d” 
is only enabled in mode 2 (for serial loading). Input ”a” has three 
functions: it is the clock for entering data; in mode 2 it causes 
right - shifting of data (shifts away from the control block); and in mode 
3, it causes the contents of the register to be incremented by one. 


04 /2——/3+ 


All operations are synchronous. 


Mode 0 (b=0; c=0): 
The outputs remain at their existing states as 
the inputs have no effect. 


Mode 1 (b=1, c=0): 
Parallel loading takes place through inputs 
”e” and a ae 

Mode 2 (b=0, c= 1): 
Shifting down and serial loading takes place 
through input "d”. 

Mode 3 (b=c=1): 


Counting up takes place in increments of 1 per 
clock pulse. 


Fig. 16 M-dependency affecting inputs. 
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SUMMARY 


DEPENDENCY NOTATION (continued) 


M-dependency affecting outputs 


When an Mm-input (Mm-output) is at internal logic ”1”, the affected 
outputs will be enabled. 


When an Mm-input (Mm-output) is at internal logic ”0”, the affected 
outputs will be disabled. When an input or output has several different 
sets of labels separated by solidi (e€.g., 2,4/3,5), any set in which the 
identifing number of the Mm-input (Mm-output) appears is to be 
ignored. 


Mode 1 (a= 1): 
Output ”b” will be an internal logic ”1” only 
when the register content equals 15. 


Mode 2 (a=0): 
Input ”a” is an internal logic ”0”, output ”b” 
will be an internal logic ”1” only when the 
register content equals 0. 


Mode 1 (a= 1): Fig. 19 Determining an output’s function. 
The delayed output symbol is effective only in 
mode 1 and therefore the device functions as a 
pulse -triggered D-element. 


Mode 2 (a=0): 
The delayed output symbol has no effect and 
therefore the device functions as a transparent 
latch. 


Fig. 17 Flip-flop type determined by mode. 
Inputs ”a” and ’b” are binary weighted to generate the num- 
bers 0, 1, 2 or 3 to determine which of the four modes exist. 


Mode 0 (a=0, b=0): 
Since no output label contains a "0”, the 
outputs have their normally defined internal 
logic states. Output "f” carries a 0” in 
its label and this means that output f” is 
effected by all modes except mode 0. 


Mode 1 (a=1, b=0): 
Only output ’f” is affected by mode 1 andis 
also affected by input ”c” (N4). 


Mode 2 (a=0, b=1): 
The outputs "e” and ”g” are affected in this 
mode. They are also affected by input "c” (N4) 
which means that the internal logic state of the 
output will be negated at N4=1. Output "f” is 
affected since MO stands at its internal ”0” 


Mode 2(a=0): . state. In addition, output ’f” is affected by 
Since output ”b” is located in the common- "o” (NA). 


: : : ; input "c 
control block with no defined function outside 
of mode 1, this output will be an internal logic Mode 3 (a=1, b=1): 
0" when input *a” is an internal logic "0", All outputs shown are affected in this mode, 
regardless of the register content. with outputs ”e” and "f” also affected by input 
"c” (N4) and input ”d” also affecting output ”g”. 


Mode 1 (a= 1): 
Output ”b’ will be an internal logic ”1” only 
when the register content equals 9. 


Fig. 18 Disabling an output of the common-control block. Fig. 20 Dependent relationships affected by mode. 
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IEC symbology 


A-dependency 


Using address- dependency gives a clear representation of elements, 
particularly memories, that use address control inputs to select 
sections of a multi- dimensional array. Sucha section of amemory array 
is usually called a word. Address-dependency allows a symbolic 
representation of an entire array. An array input at a particular element 
of a general section is common to the corresponding elements of ali 
selected sections of the array. An array output at a particular element 
of a general section is the result of ORing the outputs of the corre- 
sponding elements of selected seciions. if tne iabei ot an array output 
at a particular element of a general section indicates that this output is 
an open-circuit or a 3-state output, then this indication refers to the 
output of the array and not to those of the sections of the array. 


Inputs that are not affected by any input have their normal effect on all 
sections of the array, whereas inputs affected by an address input only 
have their normal effect on the section selected by that address inout. 


An affecting address input has the label "A” followed by an identifying 
number which corresponds to the address of the particular section of 
the array selected by this input. Within the general section represented 
by the symbol, inputs and outputs affected by an Am” input have the 
label "A”, which stands for the identifying numbers, i.e. the addresses 
of the particular sections. 


Figure 21 shows a 3-word x 2-bit memory having a separate address 
line for each word: EN- dependency is used to explain the operation. To 
select word 1,input a” is forced tologic °1”, entering mode 1. Datacan 
now be clocked into the inputs marked ”1,4D”. Data cannot be clocked 
into the inputs marked ”2,4D” and "3,4D” unless words 2 and 3 are 
selected. The outputs will be the OR function of the selected outputs, 
i.e. only those enabled by the active EN functions. 


The identifying numbers of affecting inputs correspond to the addres - 
ses of the sections selected by these inputs. They need not necessarily 
differ from those of other affecting dependency-inputs (e.g., 
G, V, N, ..), because in the general section represented by the symbol! 
they are replaced by the ietter “A”. 


lf there are several sets of affecting “Am” inputs for the purpose of 
independent and possibly simultaneous access to sections of the 
array, then the letter "A” is modified to 1A, 2A, ... These sets of “A” 
inputs may have the same identifying numbers. 


Another illustration of the concept is shown in Fig. 22. 


SUMMARY 


Fig. 22 Array of 15 sections of four transparent latches with 
3-state outputs comprising a 16-word x 4-bit random- 
access memory. 


Table 4 Summary of dependency notation 


type of letter- 
dependency symbo!* 


affecting input at 
logic "1" 


affecting input at 
logic "0” 


address A permits action 


(address selected) 


prevents action 
(address not 
selected) 
control C 


permits action prevents action 


enable EN permits action prevents action of 
inputs; open outputs 
OFF; V/ outputs at 
external high 
impedance, no 
change 

in internal logic 
state; © outputs 
high impedance ”H” 
level; & outputs 
high impedance ”L” 
level; other outputs 
at internal ”0” 

State 

permits action imposes ”0” state 
permits action 
(mode selected) 


prevents action 
(mode not selected) 
negate no effect 
(EXCLUSIVE 

OR) 


N complements state 


reset R affected output no effect 
reacts as it would 
to S — “0”. R = ce De 

set 3 affected output no effect 


reacts as it would 
toS = "aR = 0” 


te geht ee He Rr rere 
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DEPENDENCY NOTATION (continued) 


A-dependency (continued) 


type of letter - 
dependency symbol* 


affecting input at 
logic "1" 


affecting input at 
logic ”0” 


OR V 


imposes ”1” state 


permits action 


inter- Z 
connection 


imposes "1” state permits action 


* These letter symbols appear at the affecting input (or output) and 
are followed by anumber. Each input (or output) affected by that input 
is labelled with that same number. The descriptions do not apply when 
the labels "EN”, "R” and ’S” appear at inputs without numbers 
following; the action of these inputs is described in ‘Symbols inside the 
outline’. 


BISTABLE ELEMENTS 


The dynamic input symbol, the delayed output symbol and dependency 
notation allow the four main types of bistabie elements to be shown and 
make synchronous and asynchronous inputs easily recognizable (see 
Fig. 23). A fifth type of bistable, the direct acting "SR” element, is 
mentioned in ‘S and R- dependencies’. 
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The left-hand column of drawings shows essential 
distinguishing features of the bistables; the other columns 
show examples. 


Fig. 23 Four types of bistable circuits. 


Transparent latches have a level- operated control input. The D-input 
is active as long as the C-input is at internal logic "1". The outputs 
respond immediately. Edge-triggered elements accept data from ”D”, 
"J’, "K”, "R” or ”S” inputs on the active transition of "C”. Pulse - 
triggered elements require the data to be set up before the start of the 
control pulse; the ”C’” input is considered static since the data must be 
maintained as long as ”C’” is at logic 1”. The output is delayed until ’C” 
returns to logic *0”. The data- lock-out element is similar to the 
pulse - triggered version except that the ”C” input is considered to be 
dynamic, in that shortly after "C” goes through its active transition, the 
data inputs are disabled and data does not have to be maintained. 
However the outputis still delayed until the ”C” input returns to its initial 
external level. 


Note that synchronous inputs can be recognized easily 
because of labels (1D, 1J, 1K, 1S, 2R) unlike the asynchronous inputs 
”S”, "R”, which are not dependent on the ’C” inputs. 


IEC symbology SUMMARY 


CODERS 


The general symbol for a coder or code-converter is shown in Fig. 24. 
The labels "X” and "Y” may be replaced by appropriate indications of 
the code that is used to represent the information at the respective 
inputs and outputs. 


TRUTH TABLE 


inputs outputs 


Fig. 24 Coder general symbol. 


- O00 oOoO0O0!]a 


Indication of code conversion is based on the following rule: 


Depending on the input code, the internal logic 
states of the inputs determine an internal value. 
This value is reproduced by the internal logic states 
of the outputs, depending on the output code. 


Fig. 25 An X/Y code converter. 


The relationship between the internal logic states of the inputs and the 
internal value is indicated by: 


Labelling the inputs with numbers so that the 
internal value equals the sum of the weights 
associated with those inputs that are at internal 
logic 1”; or by replacing ”X” by an appropriate 
indication of the input code and labelling the inputs 
with characters that refer to this code. 


The relationship between the internal value and the 
internal logic states of the outputs is indicated by: 
Labelling each output with a list of numbers TRUTH TABLE 
representing those internal values that force that 
output to an internal logic ”1”. The numbers are inputs outputs 
separated by solidi (see Fig. 25). This labelling may 
also be applied when "Y” is replaced by a letter 
denoting a type of dependency (see ‘Use of a coder to 
produce affecting inputs’). If a continuous range of 
internal values produces the internal logic "1" at an 
output, this is indicated by the numbers that begin 

and end the range, separated by three dots, e.g. 
"4...9" equals ”4/5/6/7/8/9” ; or by replacing ”Y” 

with an appropriate indication of the output code and 
labelling the outputs with characters that refer to 

this code (see Fig. 26). 


- 000 oo0o°o 
on- OO oOo°0 0 
oo-O oOoO0O oO Zz 
oOoO0 0 oo -O Qa 


oo°0o°o o-0O°0O 


Alternatively the general symbol may be used together with an 
appropriate reference to a table detailing the relationship between the 
inputs and outputs. This is a recommended way to symbolize a ROM, 
or a PROM after it has been programmed. 


Fig. 26 An X/octal code converter. 
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SUMMARY 


USE OF A CODER TO PRODUCE AFFECTING 
INPUTS 


It often occurs that a set of affecting inputs for dependency notation is 
produced by decoding the signals on certain inputs to an element. In 
such a case the symbols for a coder can be used as an embedded 
symbol (see Fig. 27). 


Fig. 27 Producing various types of dependencies. 


If all affecting inputs produced by a coder are the same type and their 
identifying numbers correspond with the numbers shown at the coder 
outputs, ”Y” (in the qualifying symbol X/Y) may be replaced by the letter 
denoting the type of dependency. In this case, affecting input in- 
dications should be omitted (see Fig. 28). 


Fig. 28 Producing one type of dependency. 


USE OF BIT-GROUPING TO PRODUCE AFFECTING 
INPUTS 


If all affecting inputs produced by a coder are the same type and have 
consecutive identifying numbers (not necessarily corresponding to 
the numbers that would have been shown at the outputs of the coder) 
the bit- grouping symbol can be used (see Table 1). Effectively, ”k” 
external lines generate 2* internal inputs. The bracket precedes the 
letter denoting the type of dependency which is followed by ™'/,,5. The 
*m1” is then replaced by the smallest identifying number and "m2” by 
the largest (see Fig. 29). 
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Fig. 29 Use of the bit- grouping symbol. 


SEQUENCE OF INPUT LABELS 


if an input having a single function is affected by other inputs, the 
qualifying - symbol (if there is one) for that function is preceded by the 
labels of the affecting inputs. The left-to-right order of these labels is 
the sequence in which the effects or modifications must be applied. 
The affected input has no effect on the element if the logic state of any 
of the affecting inputs (regardless of the logic states of other affecting 
inputs) would cause the affected input to have no effect. 


If aninput has several functions or has several different sets of affecting 
inputs, depending on the mode of action, the input may be shown as 
often as required. However, there are cases in which this method of 
representation is undesirable. In these cases, the input may be shown 
once with the different sets of labels separated by solidi (see Fig. 30). 
No meaning is attached to the order of these sets of labeis. If one of the 
functions of an input is as an unlabelled input to an element, a solidus 
will precede the first set of labels. 


G2 
ARIZ 


Fig. 30 Input labels. 


IEC symbology 


If allinputs of acombinative element are disabled (have no effect on the 
function of the element), the internal logic states of the element 
outputs are not specified by the symbol. If all inputs of a sequential 
element are disabled, the content of this element is not changed and 
the outputs remain at their existing internal logic states. 


Labels may be factorized using algebraic techniques (see Fig. 31). 


fe 


Fig. 31 Factorizing input labels. 


Whenatlatchedinputs the algebraic factorizing technique is combined 
with the use of the bit- grouping symbol, the indication "mD” may be 
placed behind the bit- grouping symbol provided that the proper order 
of all the other labels is maintained (see Fig. 32). 


In "mD”, the "m” stands for the identifying numbers of the affecting 
inputs. 


Fig. 32 Algebraic factorizing technique combined with the 
bit- grouping symbol! at ”D” inputs. 


SUMMARY 


SEQUENCE OF OUTPUT LABELS 


If an output has a number of different labels, regardless of whether or 
not they are identifying numbers of affecting inputs or outputs, these 
labels are shown in the following order (see Fig. 33): 


the delayed output symbol comes first (if to be shown) 
preceded if necessary by the indications of the inputs to 
which it must be applied; 


followed by the labels indicating modifications to the 
internal logic state of the output, such that the left-to- 
right order of these labels is the sequence in which their 
effects must be applied; 


followed by the label indicating the effect of the 
output on the inputs and other outputs of the element. 


Symbols for open-circuit or 3-state outputs, where applicable, are 
placed just inside boundary of the element adjacent to the output line. 


picasa 
V2,3714,5 
G4 
ENS 


Fig. 33 Placement of 3-state symbols and delayed output 
symbols. 


If an output needs several sets of labels to represent alternative 
functions, depending on the mode of action, these sets may be shown 
on different output lines connected together outside the outline. 
However, there are cases in which this representation is undesirable. 
In these cases the output may be shown once with the different sets of 
labels separated by solidi (see Fig. 34). 


Fig. 34 Output labels. 
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SUMMARY 


SEQUENCE OF OUTPUT LABELS (continued) 


Adjacent identifying numbers of affecting inputs that are not separated 
by anon-numeric character are separated by a comma. 


If a set of labels of an output not containing a solidus contains the 
identifying number of an affecting ”"Mm” input at internal logic ”0”, this 
set of labels has no effect on the output. 


Labels may be factorized using algebraic techniques (see Fig. 35). 


‘Fig. 35 Factorizing output labels. 


If the bit- grouping symbol for outputs is used and the sets of labels of 
all outputs grouped together differ only in the indications of the 
weights, the sets of labels may be shown only once between the 
symbol replacing ”*” and the grouping symbol (see Table 3) provided 
that, except for the grouping symbol and the weights, the proper order 
of the labels is maintained (see Fig. 36). These sets of labels, therefore, 
include the symbols for open-circuit, passive pull-down, passive 
pull-up and 3-state outputs but exclude the indications of weights. 


Fig. 36 The bit- grouping symbol at outputs. 
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IEC symbology 


RULES FOR SYMBOL 
SIMPLIFICATION 


RULES FOR SIMPLIFICATION OF SYMBOLS 


INTRODUCTION 


The IEC symbology can depict a complete integrated circuit but, in 
many applications, not all available functions are used. For these 
applications the complete symbol need not be shown anda consider - 
able simplification can be made. To maintain clarity, rules for the 
simplification of symbols are described in this section. 


RULE 1 


For an integrated circuit where not all functions are used, the diagram 
may contain: 


a. the complete symbol with indications of which pins are connected 
to a certain voltage level; 


b. asimplified symbol where only the functions used are depicted; the 
unused pins are detailed in a table including information on whether 
these pins may remain open (floating) or are to be connected to a 
certain voltage level. 


RULE 2 


When two or more pins are shown with a single line, then a comma 
between the pin numbers means that. these pins are connected 
together; when the pinnumbers are separated by a solidus, this means 
they are separate functions. 


Fig. 38 Example of Rule 2. 


Fig. 37 Examples of Rule 1. 
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RULES FOR SYMBOL 
SIMPLIFICATION 


RULE 3 


The rules for sets of labels at inputs and outputs using solidi to separate 
the various parts of a label may be applied when drawing two or more 
pins with a single line, so the labels must also be joined. 


Fig. 39 Example of Rule 3 showing ’74151” 8-input mul- 
tiplexer. 


RULE 4 


An output can be connected to an input of equal polarity as shown in 
Fig. 40C. If the polarity is different this method does not give sufficient 
information and the methods of Fig.40A or B are then adopted. 


Fig. 40 Examples of Rule 4. 
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Fig. 41 Example of Rule 4 using TTL ”7490”. 


) 
CTRDIV10 


Fig. 42 Example of Rule 4 using CMOS ”4018”; the full sym- 
bol shown in (A) can be reduced to that of (B) when no par- 
allel loading is applied and the device is used as a divide-by- 
10 circuit. 


RULES FOR SYMBOL 
SIMPLIFICATION 


IEC symbology 


RULE 5 RULE 6 
Combining elements together to form one elementis allowed only if all A circuit consisting of a combination of two or more elements that 
pin numbers can be shown. appear repeatedly on a diagram, may be replaced by a single symbol. 


This symbol is used on the diagram, while the complete circuit is shown 
in an auxiliary diagram elsewhere on the drawing. 


D1(D2) 
UN 14 34) 


SIN Fo SO 


Fig. 43 Example of Rule 5; the pin numbers between 


parentheses indicate that these belong to another circuit. Fig. 44 Example of Rule 6. 


RULE 7 


A multiple symbol may also be applied for logic symbols. 


DisSe=05 
RAM 80x4 


1A,2A,6D 1A,2AVF 
Ny 


Fig. 45 Example of a multiple symbol showing five TTL 
”74189” 16x4-bit RAMs connected to enlarge the number of words. 
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SIMPLIFICATION | 


RULE 7 (continued) 
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Fig. 46 Example of a multiple symbol showing three TTL ”74201” 
256x1- bit RAMs connected to lengthen the word. 
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IEC symbology RULES FOR SYMBOL 
SIMPLIFICATION 


RULE 8 
Every (P)ROM may be regarded as an X/Y-code-converter. 


PROM32x8 


Fig. 47 Example of Rule 8 using Schottky TTL ”74S288” PROM. 
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APPLICATION 
DEPENDENCY 


EXAMPLES OF APPLICATION-DEPENDENCY OF SYMBOLS 


A symbol depicts the function of an element. In the case of multi- 
function elements, the functions are depicted separately. 


To demonstrate application-dependency of symbols, Fig. 48 shows 
the,basic symbol and eight applications of the 7474” D- element with 
”S” and "R” inputs. 


2-2 5 
3 C1 

4 Dis 

are 6 


(C) D-input (”L”) (D) as for (B) but with "S” and ”R” dependency 
(note change of ’R” and ”S”) eee (= 5 


6,2 


(E) divide-by-2 ("T”) element 


(G) as for (F) with down-counter 


(H) function at pin 2 = ”L”, or as indicated in a table (!) function at pin 2 = ”H”, or as indicated in a table 


Fig. 48 Example of application- dependent symols for edge - triggered 
D-element with ’R” and ”S” inputs. 
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INTRODUCTION 


The 74HC/HCT/HCU family is a comprehensive range of 
high-speed CMOS (HCMOS) integrated circuits. Whilst 
retaining all the advantages of CMOS technology - wide 
operating voltage range, very low power consumption, high 
input noise immunity and wide operating temperature 
range - these circuits have the high-speed and drive capa- 
bilities of low-power Schottky TTL (LSTTL). An extensive 
product range (most TTL functions and some devices from 
the successful HE4000B series: analog multiplexers, long 
time-constant multivibrators, phase-locked loops) and the 
aforementioned performance open new avenues in system 
design. 

For comparison, the key performance parameters of 
HCMOS are shown with those of other technologies in 
Table 1. The propagation delay of metal-gate CMOS ruled 
out CMOS for many applications until the arrival of our 
HE4000B series. Now, our 3um gate HCMOS technology 
has a speed comparable to LSTTL while retaining the 
important CMOS qualities, see Fig.1. 

Table 2 compares the operating characteristics of the 
74HC and 74HCT IC types with those of LSTTL in more 


Table 1 Comparison of CMOS and TTL technologies; 


detail. 74HC and 74HCT devices-are ideal for use in new 
equipment designs and, as alternatives to TTL devices, in 
existing designs. The 74HCT circuits which are direct 
replacements for LSTTL circuits also enhance performance 
in many respects. 
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140 
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propagation 
delay i 


100 
50 100 


60 | 
20 | 
0 
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Fig. 1 Propagation delay as a function of load capa- 
tance; Voc = 5 V, Tamb = 25 C. 
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supply voltage Vcc = 5 V; ambient temperature Tamb = 25°C; load capacitance CL = 15pF 


HCMOS metal gate 
technology CMOS 


parameters 


Power dissipation, typ. (mW) 


static 0.0000025 
Gate : 

dynamic @ 100 kHz 0.075 

static 0.000005 
Counter 


dynamic @ 100 kHz 0.125 


Propagation delay (ns) 


typical 
Gate 5 
maximum 


Delay/power product (pJ) 
Gate at 100 kHz 


Maximum clock frequency (MHz) 


typical 
D-type flip-flop 
minimum 
typical 
Counter se : 
minimum 


Output drive (mA) 
standard outputs 
bus outputs 


Fan-out (LS-loads) 
standard outputs 
bus outputs 
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standard low-power 
TTL Schottky 
TTL 


family 74HC 4000 74 74LS 74S 74ALS 74AS 
CD HE 


Fairchild 
advanced 
Schottky 
TTL 


advanced 
Schottky 
TTL 


advanced 
low-power 
Schottky 
TTL 


Schottky 
TTL 


74F 


160 
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Table 2: Comparison of HCMOS and LSTTL circuits (Ve¢ = 5 V unless stated otherwise; C,; = 50 pF) 


Notes 


. Data valid for HCMOS between —40 °C and +85 °C. 

- VQup for a few LSTTL bus outputs is specified as 2.4 V. 
. Refer to data sheets for the effect of capacitive loading. 
- RADC report. 


oh on — 


specified with no constraints on rise and fall times, pulse width or duty factor. 


characteristic 74HCXXX (note 1) 74LSXXX 
T4HCTXXX 
Max. quiescent power dissipation over temp. range at Vccmax 
per gate (mW) 0.027 6 
per flip-flop (mW) 22 
per 4-stage counter (mW) ; 175 
per transceiver/buffer (mW) 0.055 60 
Max. dynamic power dissipation (C; = 50 pF) 
at f; (MHz) 0.1 1 10 0.1 to1 10 
per gate (mW) 0.25 2.25 22 6 22 
per flip-flop (mW) 0.35 2.5 24 22 27 
per 4-stage counter (mW) 0.70 3 27 175 200 
per buffer/transceiver (mW) 0.30 2.5 24 60 90 
Operating supply voltage (V) 2 to 6 (HC) 4.75 to 5.25 
4.5 to 5.5 (HCT) 
Operating temperature range (°C) —40 to +85 0 to +70 
—40 to +125 
Max. noise margin (VamH/VNML V:!oHcMos = 20HA; lOLSTTL =4 MA) 1.4/1.4 (HC) 0.7/0.4 
2.9/0.7 (HCT) 
Input switching voltage stability over temp. range +60 mV +200 mV 
Min. output drive current at Tamb max and Vecmin (MA) 
source current (Voy = 2.7 V; note 2) 
standard logic —8 —0.4 
bus logic —12 —2.6 
sink current 
standard logic (Vo, = 0.4 V) 4 4 
standard logic (Vo; = 0.5 V) 6 8 
bus logic (Vo, = 0.4 V) 8 12 
bus logic (Vo, = 0.5 V) 9 24 
Typ. output transition time (ns) (C; = 15 pF) 
standard logic 
tTLH 6 15 
'THL 6 6 
bus logic 
tTLH 4 15 
‘THL : ° 
Typ. propagation delay (ns) (C; = 15 pF; note 3) 
gate toy; /tpy y 8/8 8/11 
flip-flop tpLy 14 15 
tpHe 14 22 
Typ. clock rate of a flip-flop; note 5 (MHz) 50 33 
Max. input current (uA) 
Ne —1 —400 to —800 
hy 1 40 
3-state output leakage current (+ uA) 5 20 
Reliability (%/1000 h at 60% confidence level) 0.0005 0.008 (note 4) 


. Measured with a 50% duty factor for HCMOS. For LSTTL, per industry convention, the maximum clock frequency is 
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CONSTRUCTION 


Our HCMOS family is a result of a continuing development 
programme to enhance the proven polysilicon-gate CMOS 
process. Figure 2 shows the construction of a basic inverter 
from the HE4Q00B series and its HCMOS successor. 

The polysilicon gate of a HCMOS transistor is deposited 
over a thin gate oxide before the source and drain dif- 
fusions are defined. Source and drain regions are formed 
using ion implantation, with the polysilicon gates acting as 
masks for the implantation. The source and drain are 
automatically aligned to the gate, minimizing gate-to-source 
and gate-to-drain capacitances. In addition, the junction 


_Capacitances, which are proportional to the junction area, 
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are reduced because of the shallower diffusions. Figure 3(c) 
shows the parasitic capacitances in a CMOS inverter. 

In a metal-gate CMOS transistor, the source and drain 
are formed before the gate is deposited. Moreover, the 
metal gate must overlap the source and drain to allow for 
alignment tolerances. This is why a metal-gate CMOS 


HE4000B 


n-channel p-channel 
interconnect 7 


source gate drain d gate 


KS pt 
wea nt 
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SiO, 
fmm Aluminium 


LOCOS = local oxidation of silicon 


Voc Voc 


source R 


p-channel 


input Bate drain output input 


n-channel 


ny Rn- channel 


source 


, GND : 


(a) (b) 
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7291930 


Fig. 2 Basic inverter (left) in HE4000B CMOS, 6 um gate, and (right) in HCMOS, 3 um gate. 


p-channe! 


output 
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Fig. 3 (a) Basic CMOS inverter; (b) electrical equivalent; (c) parasitic capacitances in a CMOS inverter. 


transistor has a higher overlap capacitance than an HCMOS 
transistor. Furthermore, the deeper diffusiohs of metal-gate 
CMOS make the junction capacitance larger. 

In a silicon-gate MOS transistor, there are three inter- 
connect layers (diffusion, polysilicon and metal) instead of 
the two layers (diffusion and metal) in a metal-gate MOS 
transistor. This makes a silicon-gate MOS transistor more 
compact. The shorter gate length means higher drive 
capability, which in turn increases the speed at which a 
silicon-gate MOS transistor can charge or discharge junction 
capacitance. The drain current of a saturated MOS transis- 
tor which determines the speed of the transistor is: 


IDs = 2 een (gate voltage - threshold voltage) 
DS” 2 ‘gate length eran sa ag 


where £ is the current gain factor which is proportional to 
the thickness of the oxide layer. 
‘The threshold voltage is typically 0.7 V for HCMOS. 
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AC CHARACTERISTICS 


Test conditions 


The propagation delays and transition times specified in the 
HCMOS data sheets are guaranteed when the circuits are 
tested according to the conditions stated in the chapter 
‘Family Characteristics’, section ‘Family Specifications’. 
For some circuits such as counters and flip-flops, the test 
conditions are defined further by the a.c. set-up require- 
ments specified in the data sheet. 

Values given in the data sheets are for the whole oper- 
ating temperature range (—40 to +125 °C) and the supply 
voltages used are 2.0V, 4.5 V and 6.0 V for 74HC devices, 
and 4.5 V for 74HCT devices. This is a much tougher speci- 
fication than that commonly used for LSTTL, where the 
characteristics are usually only specified at 25°C and fora 
5V supply. Furthermore, the published a.c. characteristics 
of HCMOS are guaranteed for a capacitive test load of 
5O pF, a more realistic load than the 15 pF specified for 
LSTTL and one that loads the device as the output switch- 
es. The published values for HCMOS are therefore represen- 
tative of those measured in actual systems. 


Comparing the speed of HCMOS and LSTTL 


A feature of a HCMOS circuit is its speed - in general, 
cornparable to that of its LSTTL equivalent. Owing to the 
different (more informative) way of specifying data for 
HCMOS devices, it will be useful to indicate how to com- 
pare the published data for HCMOS and LSTTL. 

For example, in an LSTTL specification, the use of a 
15 pF load instead of a 50 pF one means the maximum 
propagation delays and enable times published for the 
LSTTL device will be up to 2.5ns (typ. 1.3ns) shorter than 
those for the HCMOS equivalent. In addition, measuring 
at the nominal LSTTL supply voltage of 5V instead of 
4.5V (HCMOS) reduces propagation delays and enable 
times by a further 10%. So, a 30 ns propagation delay fora 
HCMOS device is equivalent to a (30-2.5)0.9 = 25ns 
delay for an LSTTL device measured at 4.5 V and with a 
15 pF load. 

Disable times are measured under different test con- 
ditions too - for HCMOS with a 50pF, 1kQ2 load, for 
LSTTL with a S5pF, 2kQ2 load or for a 45 pF, 667 2 load. 
To compare a HCMOS disable time with that fora LSTTL 
device with a 5pF load, subtract 4ns from the published 
HCMOS disabie time and multiply by 0.9. To compare a 
value for a 45pF load, subtract 2ns and multiply by 0.9. 
For example, a 30ns HCMOS disable time is equivalent to 
(30 - 4)0.9 = 23ns for a 5pF load and (30 - 2)0.9 = 25ns 
for a 45 pF load. 

Set-up hold and removal times are not affected by 
output load, only by supply voltage. To compare a pub- 
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lished HCMOS value with an LSTTL value, multiply the 
HCMOS value by 0.9. 
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Operating frequency is also unaffected by output load, 
but is affected by supply voltage. To compare a published 
HCMOS value with an LSTTL value, multiply the value for 
HCMOS at 4.5 V by 1.1. 

«In general, these guidelines apply both to 74HC and to 
74HCT devices. For 74HCT devices however, the propa- 
gation delay is the time for the output to reach 1.4V 
(compared with 50%Vcc for 74HC devices), so HIGH-to- 
LOW output transition times are slightly more dependent 
on load and the LOW-to-HIGH transition times are slightly 
less dependent on load than the 74HC versions. 


Propagation delays and transition times 


The symmetrical push-pull output structure of both 74HC 
and 74HCT devices gives symmetrical rise/fall times and 
provides for a well-balanced system design. Table 3 shows 
the maximum output transition times for all standard and 
bus-driver HCMOS outputs. 


The influence of capacitive loading on output tran- 
sitions is shown in Fig.4; A good approximation of the 
output transition times can be calculated using the data of 
Table 4. 


Table 3: Maximum output transition times (C, = 50 pF) 


Vcc Maximum output transition time (ns) 
(V) Tamb= 25°C Tamb=85 °C Tamb= 125°C 


standard 2 75 95 


110 
output 4.5* 15 19 22 
6 13 16 19 
bus-driver 2 60 75 90 
output 4.5% 12 15 18 
6 10 13 15 


ee reer tenn, rrseeneneesennnpn nett ey enn 


* 74HC and 74HCT devices; all other data for 74HC 
devices only. 


Table 4: Typical output transition times for load capacitan- 
ces greater than the standard 50 pF load, see Fig.4 


Vcc tTHL OT tTLH 

standard output bus-driver output 
2.0 V 18.5 ns + 0.32 ns/pF 12.5 ns + 0.22 ns/pF 
4.5V 6.6 ns + 0.12 ns/pF 4.5 ns + 0.077 ns/pF 
6.0 V 5.6 ns + 0.10 ns/pF 3.8 ns + 0.065 ns/pF 


Note: values in pF are the load capacitance minus 50 pF. 
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Fig.5 Increase in propagation delay for 74HC de- 
vices as a function of load capacitance; Tamp = 25 C. 


A parameter specified for TTL devices is the output 
short-circuit current HIGH (Io9s). Originally intended to 
reassure the TTL user that the device would withstand 
accidental grounding, this parameter has become a measure 
of the ability of the circuit to charge the line capacitance 
and is used to calculate propagation delays. In CMOS 
devices however, there is no need to specify IQs because 
the purely capacitive loads allow extrapolation of the a.c. 
parameters over the whole loading range. Figure5 (for 
74HC devices) and Fig.6 (for 74HCT devices) show the 
increase in propagation delay for loads greater than 50 pF. 
The additional delay can be calculated from the output 
saturation current (short-circuit current). Referring to the 
output characteristics (Figs.31 to 34), the propagation 
delay is the time taken for the output voltage to reach 50% 
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Fig.6 Increase in propagation delay for 74HCT 
devices as a function of load capacitance; the diffe- 
rent values for tpy_ and tp LH are due to the asym- 
metrical reference level of 1.3V at the outputs; 
Tamb = 25°C; Vee = 4.5 V. 
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of Vcc for 74HC devices, or 1.4V for 74HCT devices. 
Since a saturated output transistor acts as a current source, 
the additional delay is ACV/I, where AC is the load capaci- 
tance minus 50pF, V is the voltage swing at the output to 
the switching level of the next circuit, and | is the average 
source current of the saturated output. 


Supply voltage dependence of propagation delay 


The dynamic performance of a CMOS device depends on its 
drain characteristics. These are related to the switching 
thresholds and the gate-to-source voltage VGs which is 
equal to the supply voltage Vcc. A reduction in Vcc 
adversely affects the drain characteristics, increasing the 
propagation delays. 

Over the supply voltage range of 74HCT devices, 4.5 V 
to 5.5V, the effects of different propagation delays on 
performance are minimal. Over the supply voltage range of 
74HC circuits, 2to6V, the effects on performance are 
significant, see Figs.7 and 8. 


3 
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propagation |} pt. 
delay time 
2-H tN OO 
1 t 
0 isc Me gl Sens th Be ee 


Fig. 7 Propagation delay as a function of supply 
voltage; Tampb = 25 °C; Cy = 50 pF. 
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Fig. 8 Operating frequency as a function of supply 
voltage; Tamb = 25 °C; Cy = 50 pF. 
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Temperature dependence of propagation delay 


In TTL circuits, 8 {current gain), internal resistances and 
forward-voltage drops are all temperature-dependent. In 
HCMOS circuits, essentially only the carrier mobility, 
which affects the propagation delay, is temperature depen- 
dent. In general, propagation delay increases by about 
0.3% per °C above 25 °C. 


Between 25 °C and 125 °C, 


T -25 
tp = tp’(1.003) amb 
where: 

tp’ is the propagation delay at 25°C, 
Tamb is the ambient temperature in =C. 


Between —40 °C and +25 °C, 


25-T 

tp = tp’ (0,997) amb 
Figure 9 shows the temperature dependence of a charac- 

teristic such as propagation delay. 


7297013 
Sera ill a 


14} 
normalized 


parameters | { 
1,2 L--. 


Pensa atae deena ag titie® l 
50 100 
Tara (°C) 


| Fig.9 Typical influence of temperature on a.c. para- 
| meters; Vcc = 5 V. 


Derating system for a.c. characteristics 


Because HCMQOS devices are a coherent family, manufac- 
tured under strictly-controlled conditions, it is possible to 
have a common set of derating coefficients for temperature 
and supply voltage that is valid for all a.c. characteristics of 
all devices. Table 5 shows the derating coefficients which 
are derived from the published values of the a.c. characte- 
ristics at 25°C for Vcc = 4.5 V, denoted by x in the Table, 
The coefficients have been established after extensive high- 
temperature testing at many supply voltages. A temperature 
coefficient of —0.4%/°C was established after comparing 
the test results with worst-case calculations. The voltage 
derating given in Table5 is conservative compared with 
that shown in Fig.7 for propagation delay. For operating 
frequencies (Fig.8), the reciprocal of the derating coef- 
ficients shown should be used. 
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Table 5: Derating coefficients for the a.c. characteristics 
of HCMOS devices ; 


supply ambient temperature 

voltage 25°C 85 °C 125 °C 

2V 5 (5x) 6.25 (5y) 7.5 (5z) 

4.5 v* 1 (x) 1.25 (y=1.25x) 1.5 (z = 1.5x) 
6V 0.85 (0.85x) 1.0625 (0.85y) 1.275 (0.85z) 


~~ 


All coefficients are derived from the value of the a.c. 
characteristic at Vcc =4.5V and Tamp = 25 C denoted 
in the table by x. 


* 7J4HC and 74HCT devices; all other data for 74HC 
devices only. 


Clock pulse requirements 


All HCMOS flip-flops and counters contain master-slaves 
with level-sensitive clock inputs. When the voltage at the 
clock input reaches the voltage threshold of the device, data 
in the master (input) section is transferred to the slave 
(output) section. The threshold for 74HC devices is 
typically 50% of Vcc and that for 74HCT devices is 28% 
of Vcc (1.4V at Veco = 5 V). The thresholds are virtually 
independent of temperature. 

The use of voltage threshoids for clocking is an improve- 
ment over a.c. coupled clock inputs, but it does not make 
the devices totally insensitive to clock-edge rates. When 
clocking occurs, the internal gates and output circuits of 
the device dump current to ground, producing a noise 
transient that is equal to the algebraic sum of the internal 
and external ground plane noise. When a number of loaded 
outputs change simultaneously, the device ground reference 
(and therefore the clock reference) can rise by as much as 
500 mV. If the clock input of a positive-edge triggered 
device is at or near to its threshold during a noise transient, 
multiple triggering can occur. To prevent this, the rise and 
fall times of the clock inputs should be less than the 
published maximum (500 ns at Voc = 4.5 V). 

In the HCMOS family, all the J-K flip-flops have a 
Schmitt-trigger circuit at the clock input, which eliminates 
the need to specify a maximum rise/fall time. The flip-flops 
74HC/HCT73, 74, 107, 109 and 112 have special Schmitt- 
trigger circuits for increased tolerance to slow rise/fall times 
and ground noise. 

The published maximum input clock frequency ratings 
for clocked devices are for a 50% duty factor input clock. 
At these rated frequencies, the outputs will swing between: 
Vec and GND, assuming no d.c. load on the outputs. This 
is a very conservative and reliable method of rating the 


clock-input-frequency limits for HCMOS devices which are 
always at least as good as those for LSTLL even though 
they may appear to be inferior. This is because the maxi- 
mum operating frequency of a TTL device is published, not 
for a 50% duty factor clock, but for a minimum clock 
pulse width. 


System (parallel) clocking 


In synchronously-clocked systems, spreads in the clock 
threshold levels of devices can cause logic errors if slow 
clock edges are used. For example, if data in one circuit 
changes before the clock threshold of the next sequential 
circuit is reached, a logic error will occur, see Fig.10. 


data D 


clock 


Vil max 
clock 


Q2 al i Sa EO ee correct 


7Z96009 


Fig. 10 In synchronously-clocked systems, changing 
the data in one device before the clock switching 
threshold of the next has been reached can cause 
logic errors. Vo7_ is the clock threshold of device 1; 
VsTqQ is the clock threshold of device 2. 


To prevent this type of logic error, the maximum rise or 
fall time of the clock pulse should be less than twice the 
propagation delay of the flip-flop. 

For a HCMOS device, the rise/fall time must be limited 
to 1000, 500 or 400ns for Vec=2V, 4.5V and 6V 
respectively. If these times are exceeded, noise on the input 
or power supply rails may cause the outputs to oscillate 
during transitions, causing logic errors and excessive power 
dissipation. 


Minimum a.c. characteristics 


Minimum values of a.c. characteristics are not specified in 
the data sheets. However, it is sometimes useful to know 
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them, for example when checking whether data set-up and 
hold times are obeyed. At 25°C and 4.5 V supply voltage, 
the minimum values are one quarter of the published 
maximum values. To calculate the minimum values at other 
temperatures, derate by 0.27%/°C. 

Table 6 gives the derating coefficients for calculating the 
minimum propagation delays of HCMOS devices at various 
supply voltages and temperatures. 


Table 6: Derating coefficient for the expected minimum 
propagation delay of HCMOS devices 


-_—— a ox 


supply ambient temperature 

voltage 25°C 85°C 125 °C 

2V 2 (2x) 2.34 (2y) 2.62 (2z) 

45 v* 1 (x) 1.17 (y= 1.17x) 1.31 (z = 1.31x) 
6V 0.8 (0.8x) 0.936 (0.8y) 1.048 (0.82) 


et 


All coefficients are derived from the value of the a.c. 
characteristic at Vcc =4.5V and Tap = 25 C denoted 
in the table by x. 


* 74HC and 74HCT devices; all other data for 74HC 
devices only. 


POWER DISSIPATION 


Static 


When a HCMOS device is not switching, the p-channel and 
n-channel transistors don’t conduct at the same time, so 
leakage current flows between Vcc and GND. Because this 
leakage current is typically a few nA, HCMOS power dissi- 
pation is extremely low. 

Static power dissipation can be calculated for both 
74HC and 74HCT devices from the maximum quiescent 
current specified in the data sheets, see Table 7. 


Table 7: Maximum quiescent current of HCMOS devices 


at Vocmax (Vi = Vec or GND; Ig = 0) 


device quiescent current 
complexity typical maximum 

at 25 °C 25°C 85°C 125 °C 
SSI 2nA 2 UA 20 uA 40 vA 
FF 4nA 4uA 40 vA 80 UA 
MSI 8nA 8 uA 80 uA 160 uA 


* 6V for 74HC; 5.5 V for 74HCT. 


January 1986 


111 


112 


USER GUIDE 


Dynamic 


When a device is clocked, power is dissipated charging and 
discharging on-chip parasitic and load capacitances. Power 
is also dissipated at the moment the output switches when 
both the p-channel and the n-channel transistors are par- 
tially conducting. However, this transient energy loss is 
typically only 10% of that due to parasitic capacitance. 

The total dynamic power dissipation per device (Pp) is: 


Pp = CppVec’ fi + Z(C_Vec’ fo) (1) 
where: 

Cpp is the power dissipation capacitance per package 

fj is the input frequency 

fo is the output frequency 

C;_ is the total external load capacitance per output. 


The second term of equation (1) implies summing the 
product of the effective output load capacitance and 
frequency for each output. However, a good approxi- 
mation of the total dynamic power dissipation of am HCMOS 
system can be obtained by summing the published Cpp 
values and load capacitance for the HCMOS devices used 
and, assuming an average frequency, using equation (1). 

For one-shot circuits, gates configured as oscillators, 
phase-locked loops and devices used in a linear mode, 
additional dissipation is caused by static supply currents 
(lec) whose values are given in the device data sheets. 


Power dissipation capacitance 


Cpp is specified in the device data sheets, the published 
values being calculated from the results of tests described 
in this section. The test set-up is shown in Fig.11. The 
worst-case operating conditions for Cpp are always chosen 
and the maximum number of internal and output circuits 
are toggled simultaneously, within the constraints listed in 
the data sheet. Table 8 gives the pin status for HCMOS 
devices during a Cpp test. Devices which can be separated 
into independent sections are measured per section, the 
others are measured per device. 
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DEVICE 
UNDER TEST 


output 


74HC/HCT or 74HCU C, = 50 pF 


7297014.1 


Fig. 11 Test set-up for determining Cpp. The input 
pulse is a square wave between Vcc and GND; 
ty = tp < 6nNs; :Tamb = 25 C. All switching outputs 
are loaded with 50 pF (including test jig capacitance). 
Unused inputs are connected to Vcc or GND. 


The recommended test frequency for determining Cpp is 
1 MHz, but this is best increased to 10 MHz when lec is 
low and the device quiescent current influences ICC(AV): 
Loading the switched outputs gives a more realistic value of 
Cpp, because it prevents transient ‘through-currents’ in the 
output stages. Furthermore, automatic testers often intro- 
duce about 30 pF to 40 pF on each device pin. 

The values of Cpp in the data sheet have been calculated 
using: 


. ldyn(device) 


Cc 
ie Vecfi 

where: 

ldyn(device) = Icc(Av) — !dyniload) 

and 

ldyn(load) = 2(CLVecfo) 
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Table 8: Pin conditions for Cep tests. 
equiv- 


pin numbers 


alent 
load 
(pF) 


74HC/ 
HCT 


22 23 24 25 26 27 28 


12 13 14 15 16 17 18 19 20 21 


12345 678 9 10 11 


PHCDDOGODOD OD OD V 


50 
50 


00 


ODBDDGDBO DBD O Vv 
PHBDDOGODD OD OD V 


CPL 


02 


03 


PCDODOGODOOD OD V 


50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 


04 


PCDODOGODO OD OOD V 


U04 
08 


PHCDDOGODD OD D V 


PAB DD OG OOD De (De “C6. oA: 


10 


11 


PHDDDOGODOD DCH VV 


PCDODOGODOD OOD V 


14 
20 
21 


PHOHHCGODOD OOD OD V 


PHOHHCGODD OOD OD V 
PLDBDDOGOODOD DC 


27 


PHHHHHGCOO H H O V 
PLCDDOGODOD OD OD Vv 


30 
32 


L 


CCOOQOO0OO0OO0OGOO OL 


PDDBDDOGOLL 
PHHVDODDOOD GC CH 


100 
50 


42 


L 


58 
73 
74 
75 
85 


50 


HQPHCCGOOQD DODOD Vv 
CQDDVDDOOO O G P 


50 


O O C 


50 
50 


L 


L 


LHP HOCOGLL 
PLCDDOGODD OD OD V 


50 
47 


86 


O'L kek DV DDCEGG € CD -P 


93 


H V — 


HCCHOOGODODOD D P 
HHLPHCCGOO0O DD DODD Vv 


50 


107 


50 
50 


109 


112 


PHHHCCOGOD DD DDH Vv 


LHPCOOOGDD DOC OR V 
LPCDDOGODOD OOD OD V 


100 
50 
50 
50 


123 


125 


HPCDDOGODD OD OD V 
PHCDDOGODD OOD OD V 


126 


132 
137 


PLLLLHOGOO 0 0 0 ¢C € V 


100 


PLLLLHOGOO O00 CC Vv 


100 
100 
50 


138 


LPLCCOOGOO 0 00D DOD Vv 


HH HHHOOGCH P 


139 
147 
151 


H H O O V 
DDB DBD V 


DDLHCCLGLL P 


100 
50 


DV — 
000 0 O04 


L 
L 


LLDBDLHCGOD DOD OD P 


CCOOQ00000 O 
PLHCLLOGOL 
PLHCLLOGOL 


153 


E 


L 


G 
O 
O 


100 
50 
50 
55 
50 


154 
157 
158 


L Vv 
L L V 


L 


L 
L 


HP DDDDHGHH C C C CC V 


160 


161 


HP DDDDHGHH C C €CCeCéiiYV 


(continued on next page) 
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Table 8 (continued) 


equiv- 


74HC/ alent 


pin numbers 


12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 


12345678 9 10 11 


(pF) 


HP DDDBDHGHH C CC CC V 


55 
50 


162 
163 


HP DDDDHGHH C C C C C V 


QHCCCCGPHC CCC V 


—_—_—  — 


200 
50 
25 
25 


164 
165 
166 


HP DDDDBCGCQA DD DOD L V 


QDDDDLPGHD DDC DH V 


LLCOOOPGLL D DBD AL YV 


173 


HCQDODOGPO D OD DO.V 


25 
50 


174 


HCCQDOO0O0GP0O0 0 DOD 0 0 V 


175 
181 


PHHLLHHLCC C GC B € C C 


HLHLHLOGCO C C P 


250 


H L V 


150 
60 
53 
60 
50 


182 


DV — 
DV 


DCG LLC GD.D H CC C FP 


DCCLLCCGDOD H C C 


190 
191 


_— 


P 


DCCHPCCGODOD H C C LOD V 


192 


L D V 
C C C C V 
Cc C C C C Vv 


DCCHPCCGDOD H C C 
HQODDDODODGHL P 
HHLDDBDODGHP 


193 


100 
125 


194 
195 
221 
237 
238 
240 
241 
242 
243 
244 
245 
251 


LHPCOOQOGDOD D OC OR V 


100 
100 


PLLLLHOGOO O 0 0 CC V 


PLLLLHOGOO O O00 C CG V 


100 
50 
50 
50 
50 
50 
50 


LPODODODOG DBO DO DOD COD V 


LPODODODOG DBO DO DOD CC H V 


LOPDDDGOOO C OL V 


LOPDDDGOOO C OL V 


LPODODODOG DODO D OD C DV 


HP DDDDDDDG OO O00 0 00 C 


DDLHCCLGLL P 


L 


DD DD V 


100 
50 
50 
50 
25 


DV 


LLDBDBLHCGOD D D OD P 
PLHCDDOGOD DOD ODL V 


253B 
257 
258 
259 


PLHCDDOGOD DOOD DL YV 


H V 


LLELCOOO0GO00O0 0 0 Q P 


PLCODDGDODOO D OD V 
HCQDOQODDOG P 
LLOLCCGPLEL 


50 
25 


7266 
273 
280 
283 
297 
299 


O DBD OO DODO V 


L 


100 
250 
12 


CHLCPHLGCC H LC LH ésV 


HHHPQLCGDD O O DH H V 
HtLLCCCCCHG A P 
DDDDDDLHLG L 


C C C€ C € DL V 


250 


L. be 4H 36. «GV 
L tL H C C V 


LP 


L 


100 
50 
50 
50 


354 
356 
365 
366 


DDDDDDDAQAPG LL LL 


LPCDODOGOD ODO ODL V 


LPCDODOGOD OD ODL V 


(continued on next page) 


January 1986 


114 


USER GUIDE 


Table 8 (continued) 


pin numbers 


equiv- 


alent 
load 


74HC/ 
HCT 


12 13 14 15 16 17 18 19 20 21 


(pF) 


22 23 24 25 26 27 28 


12345 67 89 10 11 


LP CDODOGOD OD ODL V 


50 
50 
25 
25 


367 


LPCDODOGOD O DO DL YV 


LcaQqodDOODODOG P 


368 
373 


O DBDO OD DO V 
O DBD OO DD O V 
O DB DBO OD DO V 


LCcCQDOOQDDOG P 


374 
377 


LcCQDOQOQDDOG P 


25 


PLCQCCCGO0O0 0D 00D OD V 
PLCCCCGOO0O00 0 D OD V 


5C 
47 


390 


393 
423 


LPHCOOOGDD D O C O R V 
LCcCQDOOQD0ND0G P 


100 
25 


O DBD OO DODO V 
O DBD OO DOD OA VV 


533 
534 
540 
541 


LCQDOODDOG P 


25 


L 


LP DODBDDBDOODBG OO 0 0 0 0 0 C€C 


50 
50 
25 


LPDDDDBODBDODDBDG OOO 0 0 0 0 C 


lL QDBDBODBDODODODODG 


O O0O 0 0 0 0 0 C V 
O 0 0 0 00 0 C V 


P 


563 
564 
573 
574 
583 
597 


LQDBODODDDDG P 


25 


LP DDBDDODBODBDDG HO 00 0 00 0 C V 


LQDDDODDODODG P 


25 
25 


0 00 00 0 0 C V 


cL b&b. W 


HHHLLCCGCC C H P 
DDBDBDODODODGCH P 


250 
25 
25 


D HQ DV 
O00 0 00 0 C€C 


DDBDBDDODGCH P 
HP DDBDBDODODODG 


7597 
640 
643 
646 
648 
670 
688 


V 
V 


L 
L 


50 
50 
50 
50 


HP DDBDDDDDG OOO 0 0 0 0 C 


L 
L 


DLHPDDDBDBDDB DB GO OO 0 0 0 0 € 


DLHPDDDDDD DB GOO Od 00 0 C 


QQ@QatrPCCGCC 


L 
L 


L 


100 
50 
50 


be a eh es IE la Ne, Ge 


CPLLLOGODD DDO V 
PCOOODDGDOC CC C 


4002 
4015 


L Qeyv 


V 


100 
0 


OQOOQOOQDDGOO0O00 0 D P 
CC OO © CC 4G- 6. Ce Ce 


CG CC GC © GCP 


4016 


55 


4017 


48 


4020 


48 PLCCCCGOCO C C O V 
48 cccecccacpe 


4024 


L € C€ C € V 


4040 


O V 


OCLOHOOGOO 0 0 0 P 


4046A 50 
4049 


— 


VCPODOQDGDOD O00 DO O 


50 
50 


VCPODODGDOD OO DO O 


OOOOQOLGGLL P 


4050 


0 0 0 0 V 


O 0 0 0 0 V 


P 


4051 


OOOQOOOLGGLP 


0 
0 


4052 


OQOQOQOLGGLEL 


4053 


H G H H LE L 
P 


Ps DAO. BUBB bo Bob 


17 


4059 


ccecececcace 


106 


4060 


(continued on next page) 
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Table 8 (continued) 


equiv- pin numbers 
74HC/ alent 
HCT load 

(pF) 123 45 678 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 
4066 0 OOOODDGOOO OD PV -—- —=- - - —- = = = = = = = =| = 
4067 0 OOOO0OOOOOOP L GtEtEtoO OOO 0 00 0 V=- = = = 
4075 50 P{ DDBDOGLCO DODODV = -—- -—- -—- -—- - -—- =- = = = - - = 
4094 2500 HOPCCCCGCC CCC C H V = —- = = = = = = = = = = 
4316 0 OOOOPDLGGO O OO DODV = =—- = = = = = = = - =- = 
4351 O OOOOQOOOLHGG H PLO L OO 0 0 V- = = = = = = = 
4352 0 OOOOOOLHGG H PLO OOD 0D 0 0 V—- = = = = = = = 
4353 0 OOOQOOOOLHGG H P LOL O O00 0 V = = = = - = - = 
4510 55 ep Die Gk. AC De (Due. SP OM we: Ss ce ee ee es Se 
4511 200 LLHHLLPGCC OOoOc Oc V- - - = = = = = = = e = 
4514 100 HPLOOOOOCO C GOO 0 00 0 0 0 L kL LV = = - = 
4515 100 HPLOOOOODCOAO C GOOD 0 0 0 0 0 0 LL LL VV = = = = 
4516 50 Cp BA 6 CG EA GB DY “ER ON oe me ee ee Se Se cee SS SS 
4518 50 PAht-C-6- C6 6G 0. Do “0: 0: 0. °O OD Ve eee ae ces HS 
4520 47 PHCCCCLGDD OOOO0O0DV-- - = = = = = = = = = 
4538 100 GRHPHCCGOO DOL OG V—- = = = = = = = = = = = 
4543 50 HLLHLPLGCC C C C CC C V- = = = —- = = =-= = a 15 
7030 325 GGcPpPaggagagada agQaqaaqaGtcC¢ecccécc¢cc cc Cc CC CGC P H V 
7046A 50 Oe LO HiGOG'0 0 OO CO 3 ON = = & Se Se SS Ss eS ee Se 
40102 5 D> Bl A hs Pe Gr TE Se Ae ee ee ees ee le ee ws 
40103 3 Po oe ee Ge ot OM ce. es Se ee 
40104 100 HODODODODODGHL P C C C C V- = = = = = = - = - - = 
40105. 200" “C6 P-0. O:-O'0'G i © Cc. C. °C 6 oR OVE me eee Se es es 


= Vcc (+5 V) 
= ground 
= logic 1 (Vec) — inputs at Voc for HC types; 3.5 V for 


= logic 0 (ground) GND 
= don’t care — either H or L but not switching Veo 
= a 50 pF load to ground : ie ee es eee GND 
= an open pin; 50 pF to ground is allowed peeeaNe 
= input pulse (see illustration) 

= half frequency pulse (see illustration) 

= 1 kQ pull-up resistor to an additional 5 V supply other 


than the Vcc supply 
= both R and C 


rIroO< 


Input pulses 


DOVOND OT 
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Conditions for Cpp tests 


Gates. All inputs except one are held at either Vcc or 
GND, depending on which state causes the output to 
toggle. The remaining input is toggled at a known fre- 
quency. Cpp is specified per-gate. 


Decoders. One input is toggled, causing the outputs to 
toggle at the same rate (normally one of the address-select 
pins is switched while the decoder is enabled). All other 
inputs are tied to Vcc or GND, whichever enables oper- 
ation. Cpp is specified per-independent-decoder. 


Multiplexers. One data input is tied HIGH and the other is 
tied LOW. The address-select and enable inputs are con- 
figured such that toggling one address input selects the two 
data inputs alternately, causing the outputs to toggle. With 
three-state multiplexers, Cpp is specified per output 
function for enabled outputs. 


Bilateral switches. The switch inputs and outputs are open- 
circuit. With the enable input active, one of the select 
inputs is toggled, the others are tied HIGH or LOW. Cpp is 
specified per switch. 


Three-state buffers and transceivers. Cpp is specified per 
buffer with the outputs enabled. Measurement is as for 
simple gates. 


Latches. The device is clocked and data is toggled on 
alternate clock pulses. Other preset or clear inputs are held 
so that output toggling is enabled. If the device has 
common-locking latches, one latch is toggled by the clock. 
Three-state latches are measured with their outputs 
enabled. Cpp is specified per-latch. 


Flip-flops. Measurement is performed as for latches. The 
inputs to the device are toggled and any preset or clear 
inputs are held inactive. 


Shift registers. The register is clocked and the serial data 
input is toggled at alternate clock pulses (as described for 
latches). Clear and load inputs are held inactive and parallel 
data are held at Vcc or GND. Three-state devices are 
measured with outputs enabled. If the device is for parallel 
loading only, it is loaded with 101010..., clocked to shift 
the data out and then reloaded. 


Counters. A signal is applied to the clock input but other 
clear or load inputs are held inactive. Separate values for 
Cpp are given for each counter in the device. 
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Arithmetic circuits. Adders, magnitude comparators, en- 
coders, parity generators, ALUs and miscellaneous circuits 
are exercised to obtain the maximum number of simulta- 
neously toggling outputs when toggling only one or two 
inputs. 


Display drivers. Cpp is not normally required for LED 
drivers because LEDs consume so much power as to make 
the effect of Cpp negligible. Moreover, when blanked, the 
drivers are rarely driven at significant speeds. When it is 
needed, Cpp is measured with outputs enabled and disabled 
while toggling between lamp test and blank (if provided), or 
between a display of numbers 6 and 7. 

LCD drivers are tested by toggling the phase inputs that 
control the segment and backplane waveforms outputs. 

If either type of driver (LCD or LED) has latched inputs, 
then the latches are set to a flow-through mode. 


One-shot circuits. In some cases, when the device lec is 
significant, Cpp is not specified. When it is specified, Cep 
is measured by toggling one trigger input to make the 
output a squarewave, The timing resistor is tied to a sepa- 
rate supply (equal to Vcc) to eliminate its power contri- 
bution. 


Additional power dissipation in 74HCT devices 


When the inputs of a 74HCT device are driven by a TTL 
device at the specified minimum HIGH output level of 
Von = 2.4V, the input stage p-channel transistor does not 
completely switch off and there is an additional quiescent 
supply current (Alqc). This current has been considerably 
reduced by proprietary development of 74HCT input 
stages, see ‘74HCT inputs’. 

The value of Alcce specified in the data sheets is per 
input and at the worst-case input voltage of Vec2.1 V for 
Vec between 4.5 and 5.5V. The value of 2.1V is the 
maximum voltage drop across a TTL output HIGH (mini- 
mum Vcc and minimum Voy), see Table 9. 


The additional power dissipation P is: 
P=Vecc x Alcc x duty factor HIGH x unit load coefficient 


The unit load coefficient for an input is a factor by which 
the value of Alc given in the data sheet has to be multi- 
plied. A unit load coefficient is published for each 74HCT 
device. It is a function of the size of the input p-channel 
transistor. 
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Table 9: Worst-case additional quiescent supply current (Alac) for 74HCT devices 


Alec per input pin for 
a unit load coefficient of 1* 


TEST CONDITIONS 


other inputs at 
Vec-2.1 V Vec or GND 
lo= 0 


* 


The additional quiescent supply current per input is determined by the Alec unit load, which has to be multiplied by the 


unit load coefficient as given in the individual data sheets. For dual supply systems the theoretical worst-case (Vip =2.4V; 
Vcc = 5.5 V) specification is: Alcc = 0.65 mA (typical) and 1.8 mA (maximum) across temperature. 


Power dissipation due to slow input rise/fall times 


When an output stage switches, there is a brief period when 
both output transistors conduct. The resulting ‘through- 
current’ is additional to the normal supply current and 
causes power dissipation to increase linearly with the input 
rise or fall time. 

As long as the input voltage is less than the n-channel 
transistor threshold voltage, or is higher than Vcc minus 
the p-channel transistor threshold voltage, one of the input 
transistors is always off and there is no through-current. 

When the input voltage equals the n-channel transistor 
threshold voltage (typ.0.7V), the n-channel transistor 
starts to conduct and through-current flows, reaching a 
maximum at V;=0.5Vec for 74HC devices, and 
V1 = 28%Vcc for 74HCT devices, the maximum current 
being determined by the geometry of the input transistors. 
The through-current is proportional to Vcc" where n is 
about 2.2. The supply current for a typical HCMOS input 
is shown as a function of input voltage transient in Fig.12. 

When Schmitt triggers are used to square pulses with 
long rise/fall times, through-current at the Schmitt-trigger 
inputs will increase the power dissipation, see Schmitt- 
trigger data sheets. In the case of RC oscillators, or oscil- 
lators constructed with Schmitt triggers this contribution 
to the power dissipation is frequency-dependent. 
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Comparison with LSTTL power dissipation 


The dynamic power dissipation of a HCMOS device is 
frequency-dependent; above 1MHz, that of an LSTTL 
device is too. Below 1MHz, the dynamic component of 
power dissipation of an LSTTL device is negligible com- 
pared to the static component. Figure 13 shows the average 
power dissipation of four HCMOS devices and their LSTTL 
equivalents. Because all functions in a multi-functional 
LSTTL device are biased when power is applied, for com- 
parison, the dissipation of whole HCMOS devices besides 
individual functions are given. 


In Fig.13 it can be seen that: 
— for SSI gate types, the HCMOS power dissipation is less 
than LSTTL power dissipation below about 1MHz 
— for more complex types such as a 74HC/HCT138 3-to-8 
line decoder HCMOS power dissipation is less than 
LSTTL power dissipation up to 10 MHz. 
in typical microcomputer systems, the operating frequ- 
ency or the data/address signal rates will usually vary, 
whereas Fig.13 is for continuous operation at a constant 
frequency. Average operating frequencies are usually far 
below the peak frequencies, particularly in the 100 kHz 
region where the power dissipation of HCMOS is several 
orders of magnitude less than that of LSTTL. 
For further information, see chapter ‘Power dissipation’. 
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Fig. 12 Typical d.c. supply current as a function of input voltage for 74HC circuits; normalized curves for a unit load 
coefficient of 1. The Iqcq for a specific 74HC circuit can be calculated by multiplying the values of I¢¢ shown by the 
unit load coefficient for the 74HCT type given in the data sheet. 
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Fig. 13 Typical power dissipation as a function of operating frequency for a variety of LSTTL and HCMOS circuits; 
(a) quad 2-input NAND gate, (b) dual D-type flip-flop, (c) 3-to-8 line decoder/demultiplexer; inverting, (d) quad 


3-state bus transceiver. 


SUPPLY VOLTAGE 


Range 


The supply voitage range of 74HC devices is 2V to 6V 
(Fig.14). This ensures continued use of HCMOS with future 
generations of memory and microcomputer requiring 
supply voltages of less than 5V, simplifies the regulation 
requirements of power supplies, facilitates battery opera- 
tion and allows lithium battery back-up. When 74HC 
devices are used in linear applications, for example when 
they are used as RC oscillators, a supply of at least 3 V is 
recommended to ensure sufficient margin for operation in 
the linear region. 


74HCT devices are pin-compatible with LSTTL circuits 
and are intended as power-saving replacements for them. 
The 74HCT devices will operate from the traditional 5 V 
LSTTL supply, but the voltage range is extended to +10% 
for both LSTTL temperature ranges (—40 to +85 °C and 
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—40 to +125°C). This allows extended temperature range 
LSTTL devices to be replaced by 74HCT devices. 

The absolute maximum supply or ground current per 
pin is +50 mA for devices with standard output drive, and 
+70 mA for devices with bus driver outputs. These currents 
are only drawn when the outputs of a device are heavily 
loaded. The average dynamic current at very high frequen- 
cies can be calculated using Cpp. 

The maximum rated supply voltage of HCMOS devices 
is 7 V and any voltage above this may destroy the device, 
even though the on-chip parasitic diode break-down voltage 
is at least 20 V and the threshold voltage of parasitic thick- 
field oxide transistors is 15 V. 

The Vcc and GND potentials must never be reversed as 
this can cause excessive currents to flow through the input 
protection diodes. 
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Fig. 14 Supply voltage ranges for LSTTL and 
HCMOS circuits. The supply voltage range for 74HCT 
circuits retain the LSTTL nominal supply of 5 V, but 
the range has been extended from +5% to +10% for 
both the standard and the extended temperature 
range. 74HC circuits operate with a supply voltage as 
low as 2 V. 


Battery back-up 


A battery back-up for a 74HC system is extremely simple. 
Figure 15 shows an example. The minimum battery voltage 
required is only 2 V plus one diode drop. 

In the example, HIGH-to-LOW level shifters (74HC4049 
or 74HC4050) prevent positive input currents into the 
system due to input signals greater than one diode drop 
above Vcc. if the circuit is such that input voltages can 
exceed Vcc, external resistors should be included to limit 
the input current to 15 mA for one input (7.5 mA per input 
for two inputs, 5mA per input for three inputs, etc.). 
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Fig. 15 An HCMOS system with battery back-up. 
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External resistors may also be necessary in the output cir- 
cuits to limit the current to 20 mA if the output can be 
pulled above Vac or below GND. These current limits are 
set by the parasitic Vc¢c/GND diodes present in all outputs, 


including three-state outputs. 


For further information, see chapter ‘Battery back-up. 


Power supply regulation and decoupling 


The wide power supply range of 2V to 6V may suggest 
that voltage regulation is unnecessary. However, a changing 
supply voltage will affect system speed, noise immunity and 
power consumption. Noise immunity, and even the oper- 
ation of the circuit, can be affected by spikes on the supply 
lines, so matched decoupling is always necessary in dynamic 


systems. 


Both 74HC and 74HCT devices have the same power 
supply regulation and decoupling requirements. The best 
method of minimizing spikes on the supply lines is simple 
enough — use a good power supply, provide good ground 
bussing and low a.c. impedances from the Vcc and GND 
pins of each device. The minimum decoupling capacitance 
depends on the voltage spikes that .can be tolerated, which 
in general should be limited to 400 mV. A local voltage 
regulator on a printed circuit board can be decoupled using 
an electrolytic capacitor of 10 to 50uF. Localized decoup- 
ling of devices can be provided by 22 nF per every two to 
five packages and a 1yuF tantalum capacitor for every ten 
packages. The Vcc line of bus driver circuits and level- 
sensitive devices can be decoupled from instantaneous loads 
by a 22nF ceramic capacitor connected as close to the 


package as possible. 


For further information, see chapter ‘Power supply 


decoupling’. 


INPUT/OUTPUT PROTECTION 


The gate input of a MOS transistor acts as a capacitor 
(<1 pF) with very low leakage current (<1 pA). Without 
protection, such an input could be electrostatically charged 
to a high voltage that would breakdown the dielectric and 


permanently damage the device. 


The integration process of the HCMOS family allows 
polysilicon resistors to be formed at all inputs to slow down 
fast input transients caused by electrostatic discharge and 
to dissipate some of their energy. These resistors also ensure 
that the input impedance of an HCMOS device is typically 
100 $2 under all biasing conditions, even when Vcc is short- 
circuited to GND — an improvement over direct input 


diode clamps during power-up. 
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Fig. 16 Standard input protection of 74HC/HCT/HCU 
inputs against electrostatic discharge. 


The standard input protection comprises a series poly- 
silicon resistor and two stages of diode clamping (Fig.16). 
The typical forward voltage of the diodes is 0.9V at2mA 
and the reverse breakdown voltage is 20 V. In some appli- 
cations such as oscillators, the diodes conduct during 
normal operation, in which case the input current should be 
limited. The maximum positive input current tli per 
input is 20mA. For devices with a standard output, the 
total positive input current is 50 mA; for devices with a bus- 
driver output, the total input current is 70mA. The maxi- 
mum negative input current —I IK Per pin is: 

14 mA for one input 
9mA for two inputs 
6 mA for three inputs 
5 mA for four inputs 
4 mA for five inputs 
3 mA for six to eight inputs. 

High-to-low level shifters 74HC4049 and 74HC4050 
have a single-sided input protection network (Fig.17) which 
protects against electrostatic input voltages. The diode D1 
is the parasitic drain-to-GND diode of the thick field oxide 
protection device. 

All input pins can withstand discharge voltages up to 
2.5kV (typ.) when tested according to MIL-STD-883B, 
method 3015, see Fig.18. The output configurations of 
standard, bus driver, three-state, open drain and 1/O ports 
can withstand >3.5kV (typ.) because of the large diodes 
formed by the drain surfaces of the output transistors. 

Fig.19 shows the voltage pulse for the discharge test. 
The rise time ty prescribed by MIL-STD-883B is <15ns, 
but in practice it is helpful to adjust the test set-up to give 
a rise time of 13+2ns to avoid correlation problems. 
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Fig. 17 Input protection of 74HC4049 and 74HC4050. 


January 1986 


Although all inputs and outputs are protected against 


electrostatic discharge, the standard CMOS _ handling 


precautions should be observed (see chapter ‘Handling 
precautions’). 
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Fig. 18 Electrostatic discharge test. 
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Fig. 19 Test voltage for electrostatic discharge test. 


INPUT CIRCUITS 


74HC inputs 


The 74HC input circuit (Fig.20) includes the resistor/diode 
network for electrostatic discharge protection and clamps 
input voltages greater than Vec or less than GND. The 
circuit is intended for a.c. working and cannot handle heavy 
d.c. currents for long periods; the maximum input diode 
current is 20 mA. 
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input > to logic 
polysilicon ft circult 
resistor 
diffused NI 
diode 
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GND 
7297021 
Fig. 20 74HC input circuit. 


The 74HC input circuit has no active input current; the 
only current flowing is through the reversed-biased diodes 
D1 and D2, typically a few nA reaching a maximum when 
V\ = Vee or GND. 

The MOS transistors P1 (p-channel) and N1 (n-channel) 
have the same conductance when switched on, giving a 
typical switching threshold of 50% Vcc, see Fig.21. This 
threshold is almost independent of temperature, a +60 mV 
variation of the switching point from —40 to +125 °C being 
typical. The temperature dependence of Vj; is—0.6 mV/°C, 
that of Viy is +0.6mV/°C. The only other factors that 
affect the switching threshold are the spreads of 6 and V7 
of P1 and N1 between devices. 
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Fig. 21 74HC input switching level as a function of | 
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There is no current path from Vcc to GND when the 
input is lower than Vy, or higher than Vec—V7Tp. 
However, when the input voltage is in the linear region, a 
static current path from Vec or GND flows in the input 
stage (Fig.12). This current is negligible under normal 
operating conditions when the input rise time t, < 15ns, 
but the power dissipation should be taken into account 
for devices operating in the linear region. Owing to the 
voltage gain of the input stage, there is no static flow- 
through current in the second and subsequent stages. 
Small currents do flow in these stages during operation 
when both n-channel and p-channel transistors conduct 
for brief periods and their effect is included in the Cpp 
value in the data sheets. 


74HCT inputs 


The 74HCT input stage is similar to that of a 74HC device. 
It has the same characteristics for LSTTL levels as a 74HC 
input has for CMOS levels, so there is no trade-off in speed 
or power dissipation. The switching threshold is lower, 
1.4V at Voc =5V. In addition, the 74HCT input circuit, 
shown in Fig.22, has an enlarged n-channel transistor (N1) 
and a level-shift diode (D3) has been added. The natural 
drain voltage of the p-channel transistor (P1) is approxi- 
mately Vcc—0.6 V, but when the input voltage is LOW, an 
auxiliary pull-up transistor (P2) raises this to Vec, cutting 
off p-channel transistor P3 completely. The input stage is 
well matched to the load presented by the second stage so 
that symmetrical propagation delays are obtained. 
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Fig. 22 74HCT input circuit. 
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Fig. 23 74HCT input switching level as a function of 
supply voltage. 


Figure 23 shows the switching level as a function of 
supply voltage. 

A TTL HIGH level can be as low as 2.4 V. An input of 
this order to a HCMOS device would not cut off P1 com- 
pletely, and additional supply current would flow through 
the input stage. A level-shift diode D3 and the influence of 
the back-gate (substrate) connection to P1 minimizes power 
dissipation caused by this through-current and gives an 
input switching level compatible with LSTTL. Figure 24 
shows the input stage through-current with and without 
the diode circuit. The peak in the curve occurs at the input 
switching threshold. 

The input stage through-current is virtually zero for a 
typical TTL HIGH level input of 3.5 V. Thus, this unique 
74HCT input structure gives true CMOS low power-con- 
sumption when driven by TTL. Typical and maximum 
through-currents Alec per input are given in the data 
sheets. 

In a system where 74HCT devices are only driven by 
LSTTL devices, Voy min can be 2.7 V except for some bus 
drivers. With Voy =2.7V, Alce is half the published 
value, 


Maximum input rise/fall times 


All digital circuits can oscillate or trigger prematurely when 
input rise and fall times are very long. When the input signal 
to a device is at or near the switching threshold, noise on 
the line will be amplified and can cause oscillation which, 
if the frequency is low enough, can cause subsequent stages 
to switch and give erroneous results. For this reason, 
Schmitt-triggers are recommended if rise/fall times are 
likely to exceed 500 ns at Vac = 4.5 V. 
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Fig. 24 Additional quiescent supply current Alcc 
(typ.) per input pin of a 74HCT device as a function 
of supply voltage (unit load coefficient is 1); 
{a) Vcc =45 V, (b) Vec =5.5V. 


The flip-flops 74HC/HCT73, 74, 107, 109 and 112 in- 


corporate Schmitt-trigger input circuits and _ the 
74HC/HCT14 and 132 are dedicated Schmitt triggers with 
specified input levels. 

For further information, see chapter ‘Schmitt trigger 
applications’. . 


Termination of unused inputs 


To prevent any possibility of linear operation of the input 
circuitry of an LSTTL device, it is good practice to termin- 
ate all unused LSTTL inputs to Vcc via a 1.2 k{2 resistor. 
Inputs should not be connected directly to GND or Vcc. 
and they should not be left floating. 

Unlike LSTTL inputs, the impedance of 74HC and 
74HCT inputs is very high and unused inputs must be 
terminated to prevent the input circuitry floating into the 
linear mode of operation which would increase the power 
dissipation and could cause oscillation. Unused 74HC and 
74HCT inputs should be connected to Vec or GND, either 
directly (a distinct advantage over LSTTL), or via resistors 
of between 1kQ2 and 1M2. Since the resistors used to 
terminate the inputs of LSTTL devices are usually between 
22002 and 1.2k{2, it is often possible to directly replace 
LSTTL circuits with their 74HCT counterparts. 

Some of the bidirectional! (transceiver) logic devices in 
the HCMOS family have common I/O pins. These pins 
cannot be connected directly to Vcc or GND. Instead, 
when defined as inputs, they should be connected via a 
10 k{Q2 resistor to Vcc or GND, 


Input current 


Figure 25 shows the typical input leakage current of a 
HCMOS device as a function of ambient temperature for a 
Vec of 6 V. Over the total operating temperature range, 
the input leakage current is well below the rating specified 
in the JEDEC standard (100 nA between —55 °C and +25 °C 
and 1uA at +85°C and +125°C. The reason for this differ- 
ence between the measured performance and the rating is 
the high-speed testing limitations associated with test 
system resolution and the measurement of settling time. A 
secondary reason is that the rating is end-of-line, allowing 
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Fig. 25 Typical HCMOS input leakage current I) as a 
function of ambient temperature Tsmp. 
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some leakage current shift due to the ingress of moisture 
or foreign material. 


Input capacitance 


Since CMOS inputs present essentially no load, fan-out is 
limited only by the input capacitance. This is specified as 
3.5 pF (typ.) and comprises package, bonding pad/inter- 
connecting track, input protection diode and transistor gate 
capacitances. Figs.26 and 27 show the typical input capaci- 
tances for powered 74HC and 74HCT devices. The initial 
decrease in capacitance as Vj, rises from zero or falls from 
5 V is due to increased reverse bias on the protection 
diodes. The peak is caused by internal Miller feedback capa- 
citance when the inverter is in its linear mode. A conserva- 


tive value for the maximum input capacitance is 10 pF 
(20 pF for !/O pins owing to the output drain capacitance). 
Input capacitance is measured with all other inputs tied to 
ground. 
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Fig. 26 Typical input capacitance C,; of a 74HC 
device as a function of input voltage; Vec =5V; 
Tomb = 20 ©. 
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Fig.27 Typical input capacitance C; of a 74HCT 
device as a function of input voltage; Vec=5V; 
Tamb = 25 °C. 
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Fig. 28 Cross-section of the input protection of an 
HCMOS device showing the parasitic pnp transistor 


between adjacent inputs. 


Coupling of adjacent inputs 


Parasitic bipolar pnp transistors can be present between 
adjacent inputs, e.g. between an input protection diode to 
Vcc and the same diode at the adjacent input, as shown in 
Fig.28. If the recommended operating input voltage is ex- 
ceeded, perhaps by ringing of more than 0.7 V, current into 
the terminal (I) can cause a current Ig in the parasitic 
transistor and in the adjacent input (Fig.29). Because I5 in 
the adjacent input has to be drained by the source driving 
that input, the source resistance (R) must be low. If R is 
not low enough, the parasitic current can lift the source 
voltage and cause unwanted switching. 

The ratio of the parasitic adjacent input current (I) to 
the forced input current (14) denoted a: 


a has been reduced to less than 0.05 (typically 0.001) in 
the HCMOS family by the use of deep guard rings and 
optimum bonding pad spacing. 

A low a permits proper logic operation in the presence 
of transients and also allows HIGH-to-LOW voltage trans- 
lation simply by adding series input resistors. For example, 
in Fig.29, 12V system logic is converted to 5V system 
logic by adding a 100 kQ2 resistor in each input. Since the 
logic signals are delayed by 1-2yus, this arrangement is 
suitable for rather slow 12V control logic such as that in 
automotive applications. When the input diodes are used as 
clamps for logic level translation, the total input current 
should be limited to 20 mA. 


Input voltage and forward diode input current 


As a general rule, CMOS logic devices with input clamp 
diodes (Fig.16) should be operated between the power 
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Fig. 29 12 V-to-5 V logic-level con- 


version at HCMOS 
100 k{2 series resistors. 


inputs using 


supply rails. Neglecting the input series polysilicon resistor 
shown in Fig.16, this means: -O.5V < Vy <Vcc + 0.5V. 

This rule is JEDEC Std. No. 7 and is intended to prevent 
users damaging devices similar to HCMOS that do not have 
the polysilicon resistor. HCMOS devices however meet the 
tougher rating: -1.5V <V; < Voc t+ 1.5 V. Furthermore, 
virtually all HCMOS devices can operate reliably up to the 
rating without logic errors. 

The maximum permissible continuous current forced 
into an input or output of a HCMOS device is t20mA 
(JEDEC rating). 


OUTPUT CIRCUITS 
Output drive 


There are three different output configurations in the 
HCMOS family: 

— push-pull 

— three-state 

— open-drain n-channel transistor. 


Each is available with a standard output or a bus driver out- 
put, the latter having 50% more drive capability. All 74HC 
and 74HCT outputs are buffered for consistent current 
drives and a.c. characteristics throughout the HCMOS 
family. Well-matched- output n-channel and p-channel 
transistors give symmetrical output rise and fall times. 

When comparing the output drive capabilities of HCMOS 
with those of LSTTL, note that LSTTL capability is usually 
expressed in unit loads (ULs) where the load is specified to 
be an input of the same family. This guarantees that a 
system will operate correctly with worst-case LOW and 
HIGH input signals and that noise immunity margins will be 
preserved. HCMOS capability is expressed as the source or 
sink current at a specified output voltage. Since HCMOS 
requires virtually no input current, the unit load concept is 
not applicable. 
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With a_ specified output drive of 4mA (at 
VOLmax = 0.4 V), the HCMOS capability exceeds 4000 ULs, 
and with a 20uA (at Voy = 0.1V) specification the 
HCMOS capability is 20 ULs. A standard HCMOS output 
can drive ten LSTTL loads and maintain Vo; <0.4 V over 
the full temperature range. A bus driver output can drive 
15 LSTTL loads under the same conditions. Table 10 shows 
the output drive capabilities of some HCMOS devices ex- 
pressed in LSTTL unit loads. The output current may be 
increased for higher output voltages. For example, extra- 
polating the 6mA bus driver capability at Voy = 0.33 V 
and Tamb = 85 °C toa VoL of 0.5 V gives an output drive 
capability of 9mA. 
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Output current derating as a function of temperature is 
shown in Fig.30 and is valid for all types of output. Output 
source and sink drives at Veco =2V, 4.5V and 6V are 
given in Figs.31 to 34 which show the output current as a 
function of output voltage; these graphs indicate the typical ooo 
output currents and the expected minimum output currents. F 
They can serve as a design aid when calculating transmission me « HEE cag 
line effects or when charging highly capacitive loads. 

The expected minimum curves are not guaranteed; they a 
are tested only at the values given in the data sheets. 
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lOL and IOH: 


Table 10: Comparison of the output drive capabilities of 
LSTTL and HCMOS (VoL S0.4 V) 


Sse A drive HCMOS : : drive 
me Geuice> -OStpyy Capacity equiv. oe CePA capacity 
74LS00 4mA 10 UL 74HCOO standard 4mA = 10UL 
(c) Vcc =6V 

74LS138. 4mA 10UL 75HC138 standard 4mA 10UL 

74LS245 12mA 30 UL 74HC245 bus 6mA 15 UL 

74L8S374 12mA 30 UL 74HC374 bus 6mA 15 UL 

Fig. 31 Standard output n-channel sink current. 

JUL = unit load. 
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Fig. 32 Standard output p-channel source current. Fig. 33 Bus-driver output n-channel sink current. 
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Fig. 34 Bus-driver output p-channel source current. 
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Push-pull outputs 


A typical push-pull output stage is shown in Fig.35. The 
bipolar parasitic transistor-drain diodes (D1 and D2) limit 
the output voltage Vo of all HCMOS devices in the case of 
externally-forced voltages such _ that —-05V<Vo< 
Vcc +0.5V. For voltages outside this range, the diodes 
and parasitic bipolar elements start to conduct. Although 
the diode current rating is 20mA d.c., line ringing and 
power supply spikes in normal high-speed systems cause 
current-peaks that exceed this rating. Careful chip-layout 
and adequate aluminium traces ensure that the current 
peaks produced will not damage the diodes or degrade the 
internal circuitry. 
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Fig. 35 Basic CMOS output stage. 


The maximum rated d.c. current for a standard output is 
25 mA and that for a bus-driver output is 35mA. These 
ratings are dictated by the current capability of on-chip 
metal traces and long-term aluminium migration, but it is 
expected that output currents during switching transients 
will, at times, exceed the maximum ratings. 

A shorted output will also cause the maximum d.c. 
current rating to be exceeded. However, for logic testing, 
one output may be shorted for up to five seconds without 
damaging the device. 
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Three-state outputs 


In the typical three-state output circuit shown in Fig.36, 
when EO is HIGH the output is enabled and transistors P4 
and N4 act as a transmission gate connecting the gates of 
the output transistors. A LOW at EO puts the output in the 
high-impedance OF F-state and transistors P3 and N3 act as 
pull-up and pull-down transistors respectively. The logic 
symbol for a three-state output and its function table is 
shown in Fig.37. 


from O 
logic output 
circuit 


Fig. 36 Typical three-state output circuit. 
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(a) logic symbol 


inputs outputs 
EO O 


Z 
H L 
H H 


H = HIGH voltage level 
L = LOW voltage level 


X =don’t care 
Z = high impedance OF F-state 


(b) function table 


Fig. 37 Three-state output logic symbol and functions. 
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Three-state outputs are designed to be tied together but 
are not intended to be active simultaneously. To minimize 
noise and to protect outputs from excessive power dissipa- 
tion, only one three-state output should be active at any 
time. In general, this requires that the output enable signals 
should not overlap. When decoders are used to enable three- 
state outputs, the decoder should be disabled while the 
address is being changed. This avoids overlapping output- 
enable signals caused by decoding spikes to which all deco- 
der outputs are prone during address-changing. 

When designing with three-state outputs, note that 
disable propagation delays are measured for an RC load 
when the output voltage has changed by 10% of the voltage 
swing. This 10% level is adequate to ensure that a device 
output has turned off. Although this method provides a 
standard reference for measuring disable times, it implies 
that the output is already off for 10% of the RC time. 
Because all disable times are measured with a load of 1kQ 
and 50 pF, subtract the 10% RC time (5 ns) from the values 
published in the data sheets to obtain the real internal 
disable propagation delay. 

Diodes D1 and D2 are parasitic diodes associated with 
output transistors PS and N5 respectively. Diode D1 clamps 
the output at one VpeE above Vcc, of importance in large 
systems where sections of the system may be powered- 
down (Vcc = OV), in which case the output diode current 
has to be limited to 20 mA. 

All I/O ports and transceivers have a three-state output 
as shown in Fig.36. The I/O pin is defined as an input when 
the output is disabled, but this pin should be regarded as a 
real input and should not be left floating, because the input 
to an I/O port can cause Vcc current. If necessary, ter- 
minate the input with a 10kQ resistor, see ‘Termination of 
unused inputs’. 


Open-drain outputs 


in TTL families, several functions are offered with open- 
collector outputs to enhance logic functions by using OR- 
tied logic. The advantage of OR-tied logic is the logic 
elements saved and hence the lower power dissipation. 
However, this is countered by power loss and reliance on 
RC time propagation delays. These disadvantages are not 
encountered in CMOS and similar applications can be made 
using devices with 3-state outputs, or simply with the 
power-saving logic devices. However, the 74HC/HCT03 
(quad 2-input NAND gate) has an open-drain n-channel 
output, see Fig.38. The parasitic diode D1 is not present 
(there being no p-channel transistor); this allows the output 
voltage to be pulled above Vcc to Vomax making both 
HIGH-to-LOW and LOW-to-HIGH level-shifting possible. 
For digital operation, a pull-up resistor is necessary to 
establish a logic HIGH level. 


The open-drain output is protected against electrostatic 
discharge. 
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Fig. 38 Open-drain output circuit. 


Increased drive capability of gates 


To increase output drive, the inputs and outputs of gates 
in the same package may be connected in parallel. It is 
advisable to restrict parallel connection to gates within one 
package to avoid large transient supply currents due to 
different gate-switching times. 

For further information, see chapter ‘Interfacing and 
protection of circuit board inputs’. 


Output capacitance 


For push-pull outputs, no output capacitance is specified — 


because either the n-channel transistor or the p-channel 
transistor creates a Jow-impedance path to the supply rails. 

Three-state outputs can be switched to the high impe- 
dance OFF-state, and because many of them can be 
connected to a bus line, the output capacitance is needed 
to calculate the total capacitive load. For bus-driven 3-state 
outputs in a DIL package, the output capacitance is 6 pF 
(typ.) and 20 pF (max.). 


STATIC NOISE IMMUNITY 


The static noise immunity can be divided into: 

— the static noise margin LOW. This is the voltage differ- 
ence between Vi| max of the driven device and Vo; max 
of the driver. 

— the static noise margin HIGH. This is the difference 
between Voymin of the driver and Vitmin of the 
driven device. 

For 74HC devices, both the LOW level noise margin and 
the HIGH-levei noise margin is 28% of Vcc. This is a con- 
siderable improvement over LSTTL where the LOW-level 
noise margin is only 8% of Vcc and the HIGH level noise 
margin is just 14% of Voc. The margins are even greater for 
HCMOS at higher supply voltages as shown in Fig.39. As 
74HCT devices have the same switching levels as LSTTL, 
their noise margins are also the same. 

The superior noise immunity of the 74HC input can be 
clearly seen from the voltage levels of the input-to-output 
transfer characteristics shown in Figs.40 and 41. 
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Fig. 39 Worst-case input and output voltages over an 
operating supply range of 4.5V to 5.5 V. 
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Fig. 40 Typical 
istic for 74HC and 74HCT devices. 
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Fig. 41 Input-to-output transfer characteristics for 


TTL devices. 


January 1986 


131 


132 


USER GUIDE 


Table 11 shows the input noise margin of HCMOS 
devices where like devices are interfaced. Output voltages 
are also given. 


Fable 11: Noise immunity and noise margin for HCMOS 
devices (Vcc = 4.5 V) 


74HC 74HCT 74HCU 

VitLmax (V) 1.35 0.8 0.9 
Vitmin (V) 3.15 2 3.6 
VOLmax (V) 0.1 0.1 0.5 
VOHmin (V) 4.4 4.4 4 
Noise margin low 

VNML (V) 1.25 0.7 0.4 
Noise margin high 

VNMH (V) 1.25 2.4 0.4 


Table 12 shows the input noise margin of 74HCT devices 
interfacing with LSTTL devices; the 74HCT or LSTTL 
output is fully-loaded, Voc =4.5V and Tamp is 0°C to 
+70°C (the only convenient temperature range when using 
LSTTL characteristics). 


Table 12: Noise immunity and noise margin for 74HCT 
and LSTTL device interfacing 


74HCT LSTTL 
Vitmax (V) 0.8 0.8 
ViHmin (V) 2 2 
VOLmax (V) 0.33 (note 1) 0.4 
0.1 (note 2) 
VoOumin (V) 3.84 (note 1) 2.7 
4.4 (note 2) 
Noise margins (V): 
from 74HCT to LS VNML 0.47 
VNMH 1.84 
from LS to 74HCT VNML 0.4 
VNMH 0.7 
from LS to LS VNML 0.4 
VNMH 0.7 
from 74HCT VANML 0.7 
to 74HCT VNMH 2.4 
Notes 


1. 4 mA load (i.e. 10 LSTTL inputs). 
2. 20 WA load (i.e. 20 74HCT inputs). 
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Whenever a 74HCT output drives either an LSTTL or a 
74HCT input, the noise margin is better than when an 
LSTTL device drives an LSTTL or 74HCT input. This 
improvement is larger for Vayjqy owing to the superior 
output sourcing current of the rail-to-rail HCMOS output 
swing compared with the limited totem-pole pull-up output 
voltage of LSTTL. 


DYNAMIC NOISE IMMUNITY 


As for static noise immunity, dynamic noise immunity can 
be divided into two parts: 

— adynamic noise margin LOW 

— adynamic noise margin HIGH. 

For 74HC devices, both margins are similar; for 74HCT 
devices, the dynamic noise margin LOW is the smaller of 
the two. To plot it, a pulse of known magnitude, Vp, is 
applied to the input of a device and its width, ty, is in- 
creased until the device just begins to switch. The input 
level on which Vp is based is equal to the switching voltage 
minus the worst-case static noise margin LOW. The pulse 
width is measured at half pulse height, Vp/2. The rise and 
fall times, t, and tg are 0.6 ns. 

Vp is then reduced in increments and ty for each new 
value is ascertained. 

The test is repeated for different supply voltages — for 
74HC devices between 2 V and 6V, and at 5V for 74HCT 
devices. A range of output currents, lo, are also used. 
Increasing the d.c. load reduces the dynamic noise immunity. 

Figure 42 shows the amplitude of positive-going pulses 
that can be withstood in the LOW state for 74HC and 
74HCT devices. The curves are worst-case ones with fully- 
loaded drivers, so a system using only 74HC or 74HCT 
devices will have 0.23V more noise margin for all ty. 

For typical input switching thresholds of 1.4V and 
2.25V for 74HCT (Vcc =5V) and 74HC (Voc = 4.5 V) 
respectively, the noise margins will be 0.83 V [(1.4—0.8) + 
0.23V] larger for 74HCT and 1.13V_ [(2.25— 1.35) + 
0.23 V] larger for 74HC devices. 

The main causes of unwanted input pulses are spikes due 
to outputs switching, which dumps large currents on the 
GND lines, or reflections when long lines (longer than 
about 32cm) are driven. For more information on the 
latter, see chapter ‘Replacing LSTTL and driving trans- 
mission lines’. 

The best example of an unwanted pulse generator is an 
octal device with bus outputs of which seven are switching 
simultaneously and the eighth, most remote, output is LOW. 
Figure 43(a) shows the maximum pulse voltage measured 
on the unswitched output of a 74HC/HCT374 as a function 
of Vcc. Figures 43(b) and 43(c) show this maximum volt- 
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age and the pulse width as functions of the number of out- maximum expected pulse height of Fig.43 occurs for a 
puts that are switching. It should be emphasised that any best-case Vo ,. So, even when a pulse of the maximum 
pulses produced by switching outputs won’t cause other expected height shown in Fig.43 occurs, there is still a 
devices to respond even in worst-case conditions. This is noise margin. This can be verified by plotting the pulse 


because Fig.42 is based on a worst-case Vg; and the heights of Fig.43 on the curves of Figs.42(a) and 42(b). 
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Fig. 42 Amplitude of the positive-going pulses that 
can be withstood in the LOW state (worst-case, fully- 
loaded driver) for (a) 74HC devices and (b) 74HCT 
devices. 
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Fig. 43 (a) Amplitude of the voltage pulse (on pin 2, the most remote) due to switching seven of the bus-driver outputs 
of a 74HC/HCT374 octal flip-flop; C; = 150pF, Tamp = 25 °C. (b) Amplitude of the voltage pulse (on pin 2) as a 
function of the number of outputs switched; Voc = 5V, Cy = 150 pF. (c) Pulse width as a function of the number of 
outputs switched; Vcc = 4.5 to6V, Cy = 150 pF. For Voc =2V, the maximum expected pulse width is about 10 ns. 
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BUFFERED DEVICES 


Definition 

Often the terms ‘buffer devices’, ‘buffered inputs’ or 
‘buffered outputs’ are used without qualification and 
originate from the very first unbuffered CMOS logic family 
consisting of one-stage logic elements, usually gates. In 
these devices, both input switching levels and output 
impedances were not constant, so neither were output 
rise/fall times or propagation delay times. The Jedec JC40.2 
committee define a buffered device to be at least two active 
stages with the output independent of the input logic 
voltage level and independent of the number of inputs that 
are HIGH or LOW. 

A buffer meeting this definition is the AND-function 
circuit of Fig.44. The gain between input and output is high 
enough to consider the output impedance to be independent 
of the logic level at the input, and the output impedance is 
not affected by the state of the logic inputs. 
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Fig. 44 The minimum number of stages for a buffered 
device is two. This 2-stage example is an AND function. 


All 74HC and 74HCT devices comprise at least two 
stages to minimize any pattern sensitivity of propagation 
delay time. Buffering also improves static noise immunity 
due to increased voltage gain, giving almost ideal transfer 
characteristics, 

The designation 74HCU is used to denote single-stage 
devices. These have the same specification as 74HC devices 
but their input and output voltage parameters are relaxed. 
74HCU devices don’t have the high gain of 74HC/HCT 
versions, which makes them more suitable for use in RC or 
crystal oscillators and other feedback circuits operating in 
the linear mode. 
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Output buffering 


All 74HC and 74HCT devices have buffered outputs for 
optimum performance. To demonstrate the benefits of 
output buffering, consider what would happen without it. 
In the single-stage device shown in Fig.45, the output 
impedance depends on the d.c. input voltage. Consequently, 
the noise margins at the output become a function of the 
input voltage, even when Vj is a legal HIGH or LOW level. 
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Fig. 45 Unbuffered NAND gate. 


The steady-state impedance of the circuit of Fig.45 is 
also affected by the state of the inputs. Given that P1 and 
P2 have identical performances (same size), there are two 
values of impedance for output HIGH; one when either 
input is LOW and P1 or P2 conducts, and another when 
both inputs are LOW and both P1 and P2 conduct. There- 
fore, without output buffering, the state of output con- 
duction depends on the number of inputs that are HIGH 
or LOW. 


Input buffering 


An input is considered to be buffered when its switching 
threshold is unaffected by the logic states of other inputs. 
in the example of Fig.45 that has unbuffered inputs, the 
switching threshold of input 1 varies with a HIGH level at 
input 2, and vice versa. This is because the series impedance 
of transistors N1 and N2 determines the switching threshold 
of the device. The result can be seen in Fig.46 where curve 
1+2 occurs when the two inputs are tied together, and 
curve 1 or 2 is the switching threshold when the accom- 
panying input is at Vcc: 

For true input buffering, an input must have an inverter 
stage with sufficient gain to ensure that logic levels give 
independent on-chip levels. Some gates in the 74HC series 
(usually AND or OR gates) have unbuffered inputs, however 
all devices meet the family logic level requirements. All 
74HCT devices have buffered inputs. 
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Fig. 46 Example of different switching levels in un- 
buffered inputs. 


PERFORMANCE OF OSCILLATORS 


When HCMOS devices are used in RC, crystal or Schmitt 

trigger oscillators or in analog amplifiers: 

— a supply voltage of at least 3V is required. Below this 
value, the transconductance of crystal oscillators is too 
low to start oscillations. In analog circuits, insufficient 
output current is available to drive external components; 

— slow input rise and fall times cause the input stage of a 
HCMOS device to draw current. This additional quiescent 
supply current Alcc is given in the data sheets for 
74HCT devices since these can be used as LSTTL re- 
placements and may be driving a significant load. The 
total Ic¢c for 74HC devices can be calculated by multi- 
plying the value of I¢¢ read from Fig.12 by the unit 
load coefficient given in the data sheet for the 74HCT 
device; 

— in general, frequency stability won’t be affected by 
supply voltage, so long as the permissible output cur- 
rents of the devices are not exceeded. 

For further information, see chapters ‘Crystal oscillators’ 
and ‘Astable multivibrators’. 


LATCH-UP FREE 


Latch-up is the creation of a low-impedance path between 
the power supply rails caused by the triggering of parasitic 
bipolar structures (SCRs) by input, output or supply over- 
voltages. These overvoltages induce currents that can 
exceed maximum device ratings. When the low-impedance 
path remains after removal of the triggering voltage, the 
device is said to have latch-up. 


The JEDEC standard test being developed for latch-up 
specifies that the input/output current should be equal to 
the maximum rating (£20mA), and that Vcc should also 
be not more than twice Vocmax (14 V) for testing latch-up 
immunity with excess supply voltage. HCMOS ICs have 
been extensively subjected to the previously described tests 
with test parameters far exceeding those quoted by JEDEC. 
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In no case did jatch-up occur. For example, it has been 
determined that an HCMOS input can typically withstand 
continuous current (5s on, 15s off) of 100 mA to 120 mA, 
or Tus pulses of 300 mA with a duty factor of 0.001. An 
input can also withstand a discharge from a 200 pF capaci- 
tor charged to 330 V. An HCMOS output can withstand 
continuous current (5s on, 15s off) of 200 mA to 300 mA, 
or tus pulses of 400 mA with a duty factor of 0.001, 
However, because there is an internal polysilicon 100 02 
resistor in series with all HCMOS inputs, the input voltages 
required to achieve these current levels are so high 
(Vi=Vect+0.7V+1001;) that it is unlikely that they 
could occur in practice, even in a 6 V system with severe 
glitches. Moreover, beyond these current levels, excessive 
heating occurs or aluminium tracks or bond wires break- 
down. It is therefore reasonable to conclude that HCMOS 
logic ICs are completely latch-up free. 

For further information, see chapter ‘Standardizing 
latch-up immunity tests’. 


DROP-IN REPLACEMENTS FOR LSTTL 


74HCT devices are power-saving, drop-in replacements for 
LSTTL devices. Because most systems are operated at 
frequencies far below the maximum possible, 74HCT 
devices can also be used to good effect in systems using 
ALS, AS, S, and FAST devices. 

Fan-out should be considered when replacing a TTL 
device by a 74HCT device. TTL fan-out is usually expressed 
in unit loads (ULs) and the load is specified to be an input 
of the same family. In fact, TTL fan-out is determined by 
the ability of the outputs to sink current (a TTL input 
usually sources current). Table 13 shows the fan-out of 
74HCT to the different TTL families. 

The fan-outs given in Table 13 are derived at a voltage 
drop of max.0.4V (Vo, ). In the “74'" TTL series, an 
extended Vg ,_ figure is often seen, e.g. BMA at 0.5V 
voltage drop for LSTTL. If this figure is used to determine 
the fan-out of the TTL device it can result in a higher fan- 
out than is possible with 74HCT. This can be resolved by 
replacing as many of the driven TTL parts as possible by 
74HCT devices to reduce the sink current requirement (the 
74HCT input current is negligible). In addition, power 
dissipation is reduced significantly by using 74HCT. 


Table 13: Fan-out of 74HCT to TTL circuits 


T4HCT TTL LS ALS FAST S&AS 
standard 2 10 20 6 2 
output 

bus-driver 3 15 30 10 3 
output 
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BUS SYSTEMS 


CMOS is being used to an increasing extent in micro- 
processor bus systems following the introduction . of 
versions of the popular NMOS processors. 

There are several constraints imposed on microprocessor 
systems in industrial applications, such as electrically-noisy 
environments, battery-standby requirements and sealed, 
gas-tight enclosures. HCMOS bus systems, e.g. the CMOS 
STD bus (a non-proprietary CMOS bus standard) provides a 
solution to all these problems. It offers superior noise 
immunity, equa! operating speed, lower power dissipation, 
wider supply voltage range, extended temperature range, 
and enhanced reliability. 

For optimum results, use only 74HC devices in circuits 
which communicate directly with the bus. This allows a 
new bus termination to be introduced (see Fig.47(b)) 
which, unlike the conventional TTL bus termination, draws 
no heavy d.c. current and is more suited to HCMOS outputs. 


signal line 


3902 


7Z97051.1 


Fig.47 Bus terminations. (a) Conventional termina- 
tion for TTL buses. (b) Proposed termination for 
CMOS STD bus equivalents. 


The wider supply voltage range of HCMOS together with 
its lower power dissipation virtually eliminates problems 
caused by voltage drops along power buses between cards 
in a system. It is possible for a circuit to pick up severe 
noise spikes or differential voltages via an edge connector. 
Such pick-up can exceed the CMOS maximum ratings if 
not limited by a 10kQ series resistor in the HCMOS logic 
line. This will limit current to +20 mA for external voltages 
of up to +200 V, however, for correct functioning, the d.c. 
input current should be kept below those values stated in 
‘Input/output protection’. The recommended board edge 
input protection is shown in Fig.48. 

In the circuit of Fig.48, if the input diode current 
exceeds the maximum input current, a HIGH-to-LOW level 
shifter should be used (e.g. 74HC4049 or 74HC4050). 
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Fig. 48 Example of the board edge input protection 
circuit. 


For further information, see chapter ‘Interfacing and 
protection of circuit board inputs’. 

Since HCMOS bus-drivers do not have built-in hysteresis, 
slowly-rising pulses should be avoided or devices with 
Schmitt-trigger action should be used, such as the flip-flop 
series 74HC/HCT73, 74, 107, 109, 112, or the dedicated 
Schmitt triggers 74HC/HCT14 and 132. The rise and fall 
times can be derived from the information given in the 
section ‘Propagation delays and transition times’ of this 
User Guide. 


PACKAGE PIN CAPACITANCE 


In purely digital circuits, the input capacitance or three- 
state output capacitance is sufficient to determine the 
dynamic characteristics. However, when a HCMOS device 
is used in the linear region, it is necessary to take pin 
Capacitance into account, e.g. to prevent crosstalk in 
analog switches or peaks in the frequency response of PLLs. 

The use of SO packages with their low pin capacitances 
is recommended for HCMOS analog designs. Table 14 gives 
the pin-to-pin capacitances for the plastic DIL and SO 
packages used for HCMOS. Measurements were made 
using a dummy package with all unused pins connected to 
ground. 


USER GUIDE 


Table 14: Typical pin capacitances (pF) of SO and DIL packages 


SO-14 & SO-16 DIL-16 SO-20 DIL-20 SO-24 DIL-24 


capacitance to ground of: 
corner pins 0.41 0.97 
all other pins 0.21 0.37 


any end two pins 0.65 1.12 
all other pins 0.25 0.40 


any end three pins 0.65 1.64 
all other pins 0.33 0.65 


capacitance between adjacent pins: 
including a corner pin 0.15 0.40 
all other pins 0.04 0.13 


any end three pins 0.28 0.49 
all other pins 0.14 0.22 


any end three pins 0.30 0.70 
all other pins 0.12 0.28 
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Quality — HCMOS logic ICs .............0000005 


QUALITY — HCMOS LOGIC ICs 


QUALITY ASSURANCE 


Our Quality Department is fully involved in all stages of the 
production cycle of our HCMOS family of logic !Cs: 


— design and development 
— wafer fabrication 

— assembly 

— inspection and testing 
— batch release 

— customer liaison. 


This results in continuous feedback of data which enables 
us to refine production conditions, test methods and 
designs to yield optimum quality in the final application. 


Design and development 


Layout rules and design parameters for our HCMOS family 
of ICs are specified in our Design Manual which reflects 
more than ten years’ experience in CMOS silicon-gate 
production. 

During the CAD generation of new circuit designs, 
layouts are automatically checked against the rules laid 
down in the Design Manual. Each layout is further checked 
by the Quality Department against not only the Design 
Manual requirements, but also the capabilities of the 
assembly process and product specifications. 


Wafer fabrication 


To realize the full performance potential of our HCMOS 
technology we have developed a new organizational struc- 
ture for the wafer fabrication process. Production flow is 
now divided between technology-oriented Control Groups 
that are responsible for 


— process control 

— equipment engineering 
— calibration 

— contamination control 


— training. 
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Activities of these Groups are coordinated by Process Engi- 
neering and supported by extensive data-processing facilities. 

Figure 1 shows the flow of wafers through the various 
fabrications stages and the associated process controls. 
Overall wafer fabrication activity, Fig.2, is monitored by 
frequent audits by the Quality Department. 


Assembly 


Quality control is fully 
process, as shown in Fig.3. 

Dice are assembled into packages on highly automated 
assembly lines. Fully automatic die attach and wire bonding 
ensure a high and consistent assembly quality. Tube to tube 
handling after moulding ensures excellent mechanical and 
visual quality. 


integrated with the assembly 


Quality improvement programme 
To develop quality awareness in al! areas of our Integrated 
Circuit Group, we have instituted a 14-step Quality Im- 
provement Programme. This programme, with its regular 
Quality College courses, is designed to improve all aspects 
of our IC-business by: 
e Monitoring the quality of 

— R&D 

— wafer fabrication 

— assembly 

— marketing and sales 

— support services 

— stores and shipping. 


e Extending responsibility for removal to 


everyone in the operation. 


error-cause 


e Making everyone aware of performance indicators. 


e Improving response to customers’ problems and im- 
proving resultant cause tracing. 


e Continuous analysis of product performance to enable 
continual specification improvement. 


e Regular quality audits and analysis. 


We are totally committed to quality improvement and 
invite Our Customers to share in achieving it. 
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Fig.1 Wafer fabrication flow chart for our HCMOS !JCs 
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Fig.3 Flow chart of the assembly of our HCMOS ICs, showing 
the integration of quality control and inspection activities 


Fig.2 Quality control during wafer fabrication is the respon- 
sibility of Control Groups centred around specific process 
areas. Control-Group activities are monitored by frequent 
Quality-Department audits 
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NEW PRODUCT RELEASE 


The Quality Department is involved not only in the design 
and development phases of new products, but also in the 
qualification and approval of new diffusion processes, 
packages and assembly methods. Improvements or changes 
in either product or process must be fully specified, qualified 
and approved before entering production. As an example, 
Table 1 lists the qualification tests for a new wafer fabrica- 
tion process. 


TABLE 1 
Wafer fabrication process qualification tests 


test conditions 


duration 


150°C, 6 V 
175°C,6V 
85°C, 85% RH, 6 V 


2000 h 
2000 h 
2000 h 
150h 
1000 cycl. 


electrical endurance 
electrical endurance 
THB 

autoclave 


132°C, 85% RH, 6 V 
—65°C to 150°C 


temperature cycling 


storage — 


low temperature —65°C 1000 h 


storage — 


high temperature +150°C 1000 h 


electrostatic discharge 1,5k2,100 pF, >2 kV _ 


ACCEPTANCE AND PERIODIC TESTING 


Following the 100% final electrical test, each lot of our 
HCMOS ICs is sampled by the Quality Department for 
Acceptance testing. In Group A, a full inspection over the 
rated temperature range is performed on each device to the 
following AQLs: 


AQL 
(combined) inspection 
(%) level 
functional + electrical parameters 0,1 i 
visual + mechanical 0,1 YW 


Electrical parameters include all those quoted in the device 
Data Sheet; visual and mechanical inspection includes 
marking legibility, straightness of pins, plating and appear- 
ance. 


A further sample is drawn weekly from each structurally- 
similar group of ICs and subjected to Group B testing: 


— dimensions 
— solderability 
-— temperature cycling (10 cycles) 


— electrical endurance (168h at 125°C). 
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To explore quality in further depth, each structurally- 
similar group is further sampled quarterly and subjected to 
Group C Tests (see Table 8). Some THB tests and endurance 
tests of longer than 1000h are also performed to examine 
long-term effects. 

Every reject, found by us or returned by a customer, is 
subjected to in-depth failure analysis using the most com- 
prehensive and up-to-date equipment. The results obtained 
provide valuable data that is used for continual product 
improvement. 


ELECTROSTATIC DISCHARGE (ESD) 
PROTECTION 


The improved CMOS technology used for our HCMOS 
family allows polysilicon resistors to be used at all inputs 
to slow down fast input transients due to electrostatic 
discharges and dissipate some of their energy. Despite the 
improved protection provided by these resistors, and the 
use of two stages of diode clamping, Fig.4, the usual CMOS 
handling precautions should still be observed. (See the 
section Handling Precautions.) 


from 100 @ UAE, ara a 
i tpi circuit 
ek aa polysilicon 
resistor diffused 
diode 
e 7Z97017.1 


resistor 


Fig.4 Input network used to protect our HCMOS ICs 
from electrostatic discharge 


ESD 
positive and negative discharge from a 100pF capacitor 
through a 1,5 k{2 resistor. Pulse rise time is 1342 ns. Results 
obtained from Acceptance testing are given in Table 2. 


resistance of our HCMOS is measured for both 


TABLE 2 
ESD resistance of our HCMOS ICs (cumulative results) 


polarity 1% fail 50% fail 
inputs positive 2050 V 2700 V 

negative 2300 V >3000 V 
outputs >3000 V >3000 V 
supply >3000 V >3000 V 


7291783.1 7Z91784.1 


1 ie EER CERES fp EDESES SEO (CRESTS 104 —— =——T = 104 
mm ‘aan eat oe 


ae oa 
ppin. t= eh ed 


7291785.1 


4 


+ (Seana En aE 
aes oS 
eee 
oe Reet othe 
Lees = aa 
1983 1984 1985 1986 1983 1984 1985 1986 
(a) (b) (c) 
Fig.6 Process average rejects level {in ppm) for (a) electrical parameters and functions combined; (b) function only; 
{c) mechanical and visual defects. Target quality levels are also indicated 
OUTGOING QUALITY 
The results from Quality Department Acceptance testing + h oe fe °C/85% RH/6 V) 
provide a good indication of the outgoing quality of our eMperetirevuMMe ityspias , 
HCMOS ICs. Figure 5 shows, in terms of ‘electrical para- DIL package 
meters and functions’ and ‘mechanical and visual’, the failiras teurn) ; 
reject levels recorded in ppm (parts per million) for 1983, ey time —_ sample ee saad 
1984 and the first half of 1985, together with the pro- : Po eee ee 
jected levels for 1985 and 1986. 1000 1685 3 3 036 
2000 1018 3 6 0,88 
3000 420 5 8 3,10 
ENDURANCE AND ENVIRONMENTAL TEST 4000 360 6 5 3,06 
RESULTS 6000 120 3 3 5,00 
Temperature-humidity-bias 
THB testing measures the moisture resistance of plastic DIL SO package 
and SO packages. It is performed at 85 °C and 85% relative | failure (cum) , 

Pare : a : . test time sample meee ote het Gath te cumulative 
BEG ey with VCC j 6 V. Electrical measurements (against (h) N Buaias. GninetiCn % failure 
the Device Specification) are made after 168 h, 500 hn, 1000 h eA pa A A 
and every 1000h thereafter. Functional failures are sub- 1000 350 0 0 0 
jected to failure analysis. 2000 100 0 0 0 

Results from tests done from 1983 to September 1985, 3000 40 0 0 0 
Table 3, show the excellent moisture resistance of our 
packages, even after extended test durations. Failure analysis of rejects: 

Results of THB testing confirm that there is no signifi- Parameter: ICc¢ leakage. 
cant difference between the results of tests on ICs in DIL Function: mostly corrosion, some Ic leakage. 


and SO packages. 
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Autoclave with bias packages has been detected. In Table 6 the results given in 
Table 5 are derated to 50°C operating temperature, using 
an activation energy Eq of 0,7 eV. Figure 6 gives the derate 
failure rates for various activation energies. 


This is essentially an accelerated THB test with an accelera- 
tion factor of 30. This means that 120 hours’ autoclave is 
comparable with 3600 hours’ THB. We have extended the 
conventional autoclave test to include 6 V bias at a tempe- 
rature of 132°C in unsaturated steam at a relative humidity 
of 85% and a pressure of 250kPa (2,5 atmospheres). The TABLE 5 

results given in Table 4 attest to the excellence of the Life test results: HCMOS, 1983/Sept. ‘85 (cumulative) 
silicon-nitride/polysilicon-gate protection layer and the a ee eee 


: test duration (h) 
workmanship of the package. 


2000 4000 
(failures/sample) 
TABLE 4 
Autoclave with bias (132 °C/85% RH/6 V) Plastic DIL 
DIL package 19 oT 
150 9/3600 8/1289 2/568 
test time sample US . cumulative 175 2/320 3/320 3/80 
(h) N param. function % failure 225 0/48 
120 700 6 3 1,29 6 x parameter (Icc), 6 x function (Icc, gate oxide) 
180 530 1 6 1,32 
240 530 5 13 3,40 
300 530 3 23 4,91 sO 
360 480 3 31 7,08 150 2/692 1/176 1/80 1/40 
1 x parameter (Icc), 1 x function (gate oxide) 
SO package 
failures (cum) : 
test time sample cumulative 
(h) N param. function % failure 
120 355 5 3 2,25 
TABLE 6 
‘ a : a Failure rates (from test data of Table 5) 
240 150 0 2 1,33 
300 150 0 2 1,33 test 50°C 
temp. T device hours device hours failures 
360 60 0 0 0 : 
(°C) (10°) (10°) 
Failure analysis of rejects: Plastic DIL 
Parameter: Icc leakage. 125 0.077 88 
Function: mostly corrosion, some Icc leakage. 150 6466 34631 
175 0,800 892,6 
225 0,048 330,7 
Accelerated life testing 
. : ea , ; 3695,2 
To obtain data for failure rate predictions quickly, some life 
tests are done at raised temperatures. ICs are powered by SO 
their maximum supply voltage; ambient temperatures are up 150 1,188 452 
to 150°C for ICs in plastic packages, and 225°C for ICs in 
special/ceramic evaluation packages. ICs are tested for Extrapolated failure rate at 50 C for Ea = 0,7 eV 
function and electrical parameters before the test starts, and Plastic DIL: A= 3,2 FITS (3,2 x 10°/h): 
then after 48h, 168h, 1000h, and then every 1000h. Every A=4,3 FITS (4,3 x 10°/h) at 60% confidence 
failure found is analysed. The results from such testing of SO: A=4,4 FITS (4,4 x 10°/h); 


many types of 74HC and 74HCT ICs in plastic DIL and SO A = 6,8 FITS (6,8 x 10°/h) at 60% confidence 
packages are summarized in Tables 5 and 6. No significant 
difference between te results obtained from different 
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Fig.6 Projected failure rates for our HCMOS ICs as a function 
of temperature, with activation energy as parameter 


Temperature cycling 


Cycling between —65 °C and +150 °C generates stresses that 
test the structural integrity of dice and packages. We 
perform this test according to the requirements of MIL- 
STD-883C, Method 1010, Condition C. Samples are checked 
before and after the test for function and electrical para- 
meters against the published values. Two failures have been 
observed in 1200 cycles, as reported in Table 7. 


TABLE 7 
Temperature cycling: —65 °C to +150 °C in dry air 
DIL SO 

no. of samples failures samples failures 
cycles (cum) (cum) 

200 1686 0 1016 0 

400 1492 0 1016 0 

800 997 0 1016 1 
1200 360 0 594 2 
1600 195 0 288 0 
2000 195 0 288 
2400 195 0 | 


1 


| failures: 2 x die crack. 
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RELIABILITY TEST PROGRAM 


Conditions for the endurance tests performed regularly on 
structurally-similar groups of our HCMOS products are 
derived from I!EC68 and MIL-STD-883C specifications. 
These are listed in Table 8, together with results obtained 
during 1983 and 1984. 


CECC RELEASE 


The CECC (CENELEC Electronic Components Committee) 
Quality System, which dates from the early 1970s, harmo- 
nizes quality standards throughout Eurcpe; fifteen countries 
now participate. Electronic components released under 
CECC must have satisfied the inspection requirements of 
the appropriate CECC Specification. The inspection and the 
application of the CECC System by suppliers are monitored 
by independent National Supervising Inspectorates, such as 
the British Standards Institute in the UK. 

The component specification, which describes the com- 
ponent in sufficient detail to enable a customer to select it 
for a particular application, includes 
— electrical values and their tolerances and limits 
and 


— behaviour under defined climatic, mechanical 


endurance conditions 
— acceptance criteria for batches of the component. 


To qualify for the CECC Mark or Certificate of Conformity 


ee 
= 


@ component manufacturer must satisfy the National 
Supervising Inspectorate that: 


— his Quality Department runs strictly according to CECC 
rules, and especially that it is independent of Production 
Management 


— his production departments run according to CECC rules 
for each component inspected. 


Our HCMOS products received official CECC approval in 
the second half of 1985. 
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C4 


C6 


cs 


C10 


C11 


C12 


C13 
C15 


description 


dimensions 

marking permanence 

robustness of termination 

— tensile 

— bending 

— lead fatigue 

temperature treatments (sequential) 

— resistance to soldering heat (10 s at 300°C) 
— thermal shock (10 x 0°C to 100°C) 

— temperature cycling (10 x —65 °C to +150 °C) 
-- storage to 85°C and 85% RH for 21 days 
THB* 85 °C/85% RH/6 V/1000 h 

electrical endurance 1000 h at 125°C 
temperature cycling 

200 x —65 °C to +150°C 

storage endurance 

1000 h at Tz = 150°C 

storage endurance 

1000 h at T, = —65°C 

transient energy 

salt mist 

solderability 

autoclave 

121 °C/100% RH/60 h 


* Temperature-humidity-bias. 
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TABLE 8 
Periodic reliability test program: 1983/1984 results 


IEC 68 


68-2-21 
Test Ua 
Test Ub 
Test Ub 


68-2-27 Test Nc 


68-2-14 Test Na 


68-2-3 Test Ca 


68-2-14 Test B 


68-2-2 Test Ba 


68-2-1 Test Ab 


68-2-11 Test Ka 
68-2-20 Test T 


derived from 
MIL-STD-883C plastic DIL 


method no. N ne 
2016 324 O 
2015 440 O 
2004 234 O 
cond. A 
cond. Bi 
cond. B2 
1739 O 
1011 cond. A 
1011 cond. C 
1004 (see Table 3) 
1005 (see Tables 5 and 6) 
1010 cond. C 1686 0 
1008 cond. C 863 O 
625 0 
3015 
1009 cond. A 
2003 960 1 
548 +O 


N = sample size. 
nf = number failures. 


sO 

N ne 
36 0 
72 0 
108 0 
157 0 
1016 0 
105 0 
105 0 
384 0 
160 0 
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HCMOS family characteristics 


GENERAL 

These family specifications cover the common electrical ratings 
and characteristics of the entire HCMOS 74HC/HCT/HCU family, 
unless otherwise specified in the individual device data sheet. 


INTRODUCTION 


The 74HC/HCT/HCU high-speed Si-gate CMOS logic family 
combines the low power advantages of the HE4000B family 
with the high speed and drive capability of the low power 
Schottky TTL (LSTTL). 

The family will have the same pin-out as the 74 series and 
provide the same circuit functions. 

In these families are included several HE4000B family circuits 
which do not have TTL counterparts, and some special circuits. 
The basic family of buffered devices, designated as 
XX74HCXXX XX, will operate at CMOS input logic levels for 
high noise immunity, negligible typical quiescent supply and 
input current. It is operated from a power supply of 2 to 6 V. 


FAMILY 
SPECIFICATIONS 


A subset of the family, designated as XX74HCT XXXXX, 

with the same features and functions as the ‘‘HC-types’’, will 
Operate at standard TTL power supply voltage (5 V + 10%) 

and logic input levels (0.8 to 2.0 V) for use as pin-to-pin 
compatible CMOS replacements to reduce power consumption 
without loss of speed. These types are also suitable for converted 
switching from TTL to CMOS. 


Another subset, the XX74HCUXX XXX, consists of single-stage 
unbuffered CMOS compatible devices for application tn RC or 
crystal controlled oscillators and other types of feedback 
circuits which operate in the linear mode. 


HANDLING MOS DEVICES 


Inputs and outputs are protected against electrostatic effects in a 
wide variety of device-handling situations. 

However, to be totally safe, it is desirable to take handling 
precautions into account (see also chapter ‘‘“HANDLING 
PRECAUTIONS”). 


RECOMMENDED OPERATING CONDITIONS FOR 74HC/HCT 


SYMBOL | PARAMETER CONDITIONS 


| 
Vcc DC supply voltage 


a 
Vi DC input voltage range 0 aad Vcc Vcc V 
Vo DC output voltage range 0 Vcc Vec | Vv 
Tamb operating ambient temperature range —40 +85 40 | +85 °C see DC and AC 
CHAR. 
Tamb Operating ambient temperature range —40 a #125 40} | #125 | °C per device 
; ’ : 1000 Vec =2.0V 
input rise and fall times CC 
ty, tf ¢ eg ace 6.0 500 500 ns Veco =45V 
except for Schmitt-trigger inputs 400 Vee = 6.0 V 
Note 


For analog switches, e.g. ‘“4016’’, ‘4051 series’, ‘4351 series’, “4066” and ‘’4067’’, 10 V is specified as the maximum 
operating voltage. 


RECOMMENDED OPERATING CONDITIONS FOR 74HCU 


PARAMETER 


DC supply voltage 


DC input voltage range 


DC output voltage range 


operating ambient temperature range see DC and AC 
CHAR. 


operating ambient temperature range per device 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages are referenced to GND (ground = 0 V) 


SYMBOL PARAMETER 


CONDITIONS 


mA for Vj} <—0.5 or Vj > Voc +0.5 V 


for Vg <—0.5 or VQ > Vcc +0.5 V 


2 
-j 


DC supply voltage 
DC input diode current 


DC output diode current 


DC output source or sink 
current 
— standard outputs 
— bus driver outputs 


DC Vcc or GND current 
for types with: 
— standard outputs 
— bus driver outputs 


T stg storage temperature range —65 °C 


Prot power dissipation per package for temperature range: —40 to +125 °C 
74HC/HCT/HCU 
plastic DIL above +70 °C: derate linearly with 8 mW/K 


above +70 °C: derate linearly with 6 mW/K 


plastic mini-pack (SO) 


on 
ro) 
ro) 
3 

= 


a 
oO 
(=) 
3 
= 


Note 


For analog switches, e.g. ‘4016’, ‘4051 series’, ‘4351 series’, “4066” and ‘4067’, 11 V is specified as the maximum 
operating voltage. 
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SPECIFICATIONS 


DC CHARACTERISTICS FOR 74HC 
Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) 


TEST CONDITIONS 


SYMBOL | PARAMETER UNIT | Vec | Vy OTHER 
—40 to+85 | —40to +125 
VIH HIGH level input voltage 
VIL LOW level input voltage 
—Ig =20uA 
Von eee voltage ~l9 = 20 nA 
—Iqg =20uA 
V HIGH level output voltage —l9o =4.0mA 
OH standard outputs —I9g =5.2 mA 
V HIGH level output voltage —l9o =6.0 mA 
OH bus driver outputs —lo =7.8mA 
LOW level output voltage 
VOL all outputs 
Vv LOW level output voltage 
OL standard outputs 
V LOW level output voltage 
OL bus driver outputs 
+1) input leakage current 7 
VIH z 
+loz 3-state OF F-state current 0.5 5.0 10.0 | uA 6.0 | or HO eG 
VIL 
quiescent supply current 
SSI 2.0 20.0 40.0 | uA 6.0 
cc flip-flops 4.0 40.0 80.0 | yA 6.0 
MSI 8.0 80.0 160.0} vA 6.0 
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DC CHARACTERISTICS FOR 74HCT 
Voltages are referenced to GND (ground = 0 V) 


9 | TEST CONDITIONS 
SYMBOL | PARAMETER 3 UNIT | Voc | Vy OTHER 
—40 to+85 | —40 to+125 Vv 
Vv 
Vv 


ye : az 
. 

a : ae 
. 


ViH HIGH level input voltage 


LOW level input voltage 


HIGH level output voltage 
all outputs 


HIGH level output voltage 
standard outputs 3.98 3.84 


HIGH level output voltage | 4 99 | 4 39 
bus driver outputs ) 


LOW level output voltage 
all outputs 


oO 


w wo 
Ni N 


LOW level output voltage 
standard outputs 


LOW level output voltage 0.16 | 0.26 0.33 
bus driver outputs 
input leakage current P|} fof 


3-state OF F-state current 


© 
we 
a) 


aS 
or 


sd : 
on 


per input pin; 
other inputs at 
Vcc or GND; 
lo =0 


> 


quiescent supply current 
SSI 
flip-flops 
MSI 


additional quiescent supply 
current per input pin for 
unit load coefficient is 1 
(note 1) 


other inputs at 
Vcc or GND; 


1. The additional quiescent supply current per input is determined by the Alcc unit load, which has to be multiplied by the unit load 
coefficient as given in the individual data sheets. For dual supply systems the theoretical worst-case (Vj = 2.4 V; Vcc =5.5 V) 
specification is: Alcc¢ = 0.65 mA (typical) and 1.8 mA (maximum) across temperature. 
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HCMOS family characteristics FAMILY 
SPECIFICATIONS 


DC CHARACTERISTICS FOR 74HCU 


Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 


74HCU 
SYMBOL| PARAMETER 
+25 —40 to+85 | —40 to+125 


| |i] in [ms 
1.7 | 1.4 Ts 17 
VI HIGH level input voltage 3.6 |2.6 3. 3.6 
48 4. 4.8 
0.3 0.3 
VIL LOW level input voltage 0.9 0.9 
1.2 12 
1.8 
VOH HIGH level output voltage : 
VOH HIGH level output voltage 
0.2 
VOL LOW level output voltage 0.5 
0.5 
VOL LOW level output voltage nee 
+1) input leakage current 1.0 
quiescent supply current 
lec ssi 20.0 
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AC CHARACTERISTICS FOR 74HC 
GND = 0 V;t, =t¢=6ns; CL = 50 pF 


iy TEST CONDITIONS 
SYMBOL | PARAMETER ie WAVEFORMS 
—40 to +85 
tTHL/ output transition time 
standard outputs a5 Elgs 2: and 4 
Mee eaee 2.0 
tTHL/ output transition time 45 Fias 3and 4 
tTLH bus driver outputs 6.0 


AC CHARACTERISTICS FOR 74HCU 
GND = 0 V;t, = ts =6 ns; CL = 50 pF 


TEST CONDITIONS 


SYMBOL | PARAMETER Vcc | WAVEFORMS 
V 


2.0 
output transition time 4.5 
6.0 


AC CHARACTERISTICS FOR 74HCT 


GND =0V;t, = tf =6 ns; Cy = 50 pF 


a TEST CONDITIONS 
SYMBOL | PARAMETER 


tTHL/ output transition time 
tTLH standard outputs 
tTHL/ output transition time 
tTLH bus driver outputs 
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HCMOS family characteristics 


HCU TYPES 
AC WAVEFORMS 74HCU 


OUTPUT 


7Z91257.1 


Fig. 1 Input rise and fall times, transition times and propagation 
delays for combinatorial logic ICs. 


TEST CIRCUIT FOR 74HCU 


PULSE 
GENERATOR 


7287475 


Fig. 2 Test circuit. 


Definitions for Fig. 2: 


C, = load capacitance including jig and probe capacitance 
(see AC CHARACTERISTICS for values). 
R; = termination resistance should be equal to the output 


impedance Zo of the pulse generator. 


FAMILY 
SPECIFICATIONS 


HC TYPES 


AC WAVEFORMS 74HC 


OUTPUT 


7291257.1 


Fig. 3 Input rise and fall times, transition times and propagation 
delays for combinatorial logic ICs. 


AC WAVEFORMS 74HC 


OUTPUT 


7291259.1 
Fig. 4 Set-up times, hold times, removal times, propagation 


delays and the maximum clock pulse frequency for sequen- 
tial logic ICs. 


Notes to Fig. 4 


1. In Fig. 4 the active transition of the clock is going from LOW- 
to-HIGH and the active level of the forcing signals (SET, RESET 
and PRESET) is HIGH. The actual direction of the transition of 
the clock input and the actual active levels of the forcing signals 
are specified in the individual device data sheet. 


2. For AC measurements: t, = t¢ = 6 ns; when measuring fmax, 
there is no constraint on t,, tf with 50% duty factor. 
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HC TYPES (continued) 


TEST CIRCUIT FOR 74HC — AC WAVEFORMS 74HC (continued) 


PULSE ; ENABLE 
GENERATOR nore 


OUTPUT 
7287475 LOW-to-OFF 
OFF -to-LOW 


Fig. 5 Test circuit. 


Definitions for Fig. 5: Wied sce 
OFF-to-HIGH 
load capacitance including jig and probe capacitance iste Shane Loa 
(see AC CHARACTERISTICS for values). 7291261.1 enabled disabled enabled 
termination resistance should be equal to the output 
impedance Zp of the pulse generator. Fig. 6 Propagation delays of 3-state outputs. 


TEST CIRCUIT FOR 74HC | 


PULSE 
GENERATOR 


Switch position 


GND 


Voc 
GND 


Voc 


Note to switch position table 


For open-drain N-channel outputs tp, 7 and tpz, are applicable. 
Fig. 7 Test circuit for 3-state outputs. 
Definitions for Fig. 7: 
C, = load capacitance including jig and probe capacitance 
(see AC CHARACTERISTICS for values). 


Ry termination resistance should be equal to the output 
impedance Z, of the pulse generator. 
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HCT TYPES 


AC WAVEFORMS 74HCT 


7Z291256.1 


Fig. 8 Input rise and fall times, transition times and propagation 
delays for combinatorial logic ICs. 


AC WAVEFORMS 74HCT 


OUTPUT 


SET, 
RESET, 
PRESET 
INPUT 


1,3V 


GND 
7291258.1 


Fig. 9 Set-up times, hold times, removal times, propagation 
delays and the maximum clock pulse frequency for sequen- 
tial logic ICs. 


Notes to Fig. 9 


ls 


In Fig. 9 the active transition of the clock is going from LOW- 
to-HIGH and the active level of the forcing signals (SET, RESET 
and PRESET) is HIGH. The actual direction of the transition of 
the clock input and the actual active levels of the forcing signals 
are specified in the individual device data sheet. 


. For AC measurements: t, = tz = 6 ns; when measuring fmay, 


there is no constraint on t,, t¢ with 50% duty factor. 


FAMILY 
SPECIFICATIONS 


TEST CIRCUIT FOR 74HCT 


PULSE 
GENERATOR 


7287475 


Fig. 10 Test circuit. 


Definitions for Fig. 10: 


load capacitance including jig and probe capacitance 
(see AC CHARACTERISTICS for values). 

termination resistance should be equal to the output 
impedance Zo of the pulse generator. 
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FAMILY 
SPECIFICATIONS 


HCT TYPES (continued) 
AC WAVEFORMS 74HCT (continued) 


OUTPUT 


OUTPUT 
LOW - to- OFF 
OFF -to- LOW 


OUTPUT 
HIGH - to - OFF 
OFF -to- HIGH 


outputs — »ie————_ outputs —____ |g outputs 
7296099 enabled disabled enabled 


Fig. 11 Propagation delays of 3-state outputs. 


TEST CIRCUIT FOR 74HCT 


PULSE 
GENERATOR 


Switch position 


SWITCH 


Note to switch position table 


For open-drain N-channel outputs tp, 7 and tpz, are applicable. 
Fig. 12 Test circuit for 3-state outputs. 


Definitions for Fig. 12: 


C, = load capacitance including jig and probe capacitance 
(see AC CHARACTERISTICS for values). 
R; = termination resistance should be equal to the output 


impedance Z, of the pulse generator. 
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HCMOS family characteristics 


INTRODUCTION 


The 74HCMOS data sheets have been designed for ease-of- 
use. A minimum of cross-referencing for more information 
is needed. 


TYPICAL PROPAGATION DELAY AND FREQUENCY 


The typical propagation delays listed at the top of the data 
sheets are the average of tp; yj and tp,y; for the longest 
data path through the device with a 15 pF load. 


For clocked devices, the maximum frequency of operation 
is also given. The typical operating frequency is the maxéi- 
mum device operating frequency with a 50% duty factor 
and no constraints on t, and tg. 


LOGIC SYMBOLS 


Two logic symbols are given for each device — the conven- 
tional one (Logic Symbol) which explicitly shows the 
internal logic (except for complex logic) and the IEC Logic 
Symbol as developed by the IEC (International Electro- 
technical Commission). 


The IEC has been developing a very powerful symbolic 
language that can show the relationship of each input of a 
digital logic current to each output without explicitly 
showing the internal logic. Internationally, Working Group 
2 of IEC Technical Committee TC-3 has prepared a new 
document (Publication 617-12) which supersedes Publi- 
cation 117-15, published in 1972. 


RATINGS 


The “RATINGS” table (Limiting values in accordance with 
the Absolute Maximum System — 1EC134) lists the maxi- 
mum limits to which the device can be subjected without 
damage. This doesn’t imply that the device will function at 
these extreme conditions, only that, when these conditions 
are removed and the device operated within the Re- 
commended Operating Conditions, it will still be functional 
and its useful life won‘t have been shortened. 


The maximum rated supply voltage of 7 V is well below the 
typical breakdown voltage of 18 V. 


RECOMMENDED OPERATING CONDITIONS 
The “RECOMMENDED OPERATING CONDITIONS” 


table lists the operating ambient temperature and the 
conditions under which the limits in the “DC CHARAC- 
TERISTICS” and “AC CHARACTERISTICS” tables will 
be met. The table should not be seen as a set of limits 
guaranteed by the manufacturer, but as the conditions used 
to test the devices and guarantee that they will then meet 
the limits in the DC and AC CHARACTERISTICS tables. 


DATA SHEET 


GUIDE 


DC CHARACTERISTICS 


The “DC CHARACTERISTICS”: table reflects the DC 
limits used during testing. The values published are 
guaranteed. 


The threshold values of Vjjy and Vy, can be tested by the 
user. If Vjpy and Vj, are applied to the inputs, the output 
voltages will be those published in the ‘’‘DC CHARACTER- 
ISTICS” table. There is a tendency, by some, to use the 
published Vj,4 and Vi, thresholds to test a device for 
functionality in a “function-table exercizer’ mode. 
This frequently causes problems because of the noise 
present at the test head of automated test equipment with 
cables up to 1 metre. Parametric tests, such as those used 
for the output Jevels under the Vip and Vy, conditions 
are done fairly slowly, in the order of milliseconds, so that 
there is no noise at the inputs when the outputs are 
measured. But in functionality testing, the outputs are 
measured much faster, so there can be noise on the inputs, 
before the device has assumed its final and correct output 
state. Thus, never use Vjz; and Vj; to test the functionality 
of any HCMOS device type; instead, use input voltages of 
Vcc (for the HIGH state) and OV (for the LOW state). In 
no way does this imply that the devices are noise-sensitive 
in the final system. 


In the data sheets, it may appear strange that the typical 
Viz is higher than the maximum Vip. However, this is 
because Vy) max is the maximum Vi, (guaranteed) for all 
devices that will be recognized as a logic LOW. However, 
typically a higher Vj, will also be recognized as a logic 
LOW. Conversely, the typical Vj is lower than its 
minimum guaranteed level. 


For 74HCMOS, unlike TTL, no output HIGH short-circuit 
current is specified. The use of this current, for example, 
to calculate propagation delays with capacitive loads, is 
covered by the HCMOS graphs showing the output drive 
capability and those showing the dependence of propagation 
delay on load capacitance. 


The quiescent supply current loc is the leakage current of 
all the reversed-biased diodes and the OFF-state MOS 


transistors. It is measured with the inputs at Vec or GND 
and is typically a few nA. 


AC CHARACTERISTICS 


The “AC CHARACTERISTICS” table lists the guaranteed 
limits when a device is tested under the conditions given in 
the AC Test Circuits and Waveforms section. 
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DATA SHEET 
SPECIFICATION 
GUIDE 


TEST CIRCUITS 


Good high-frequency wiring practices should be used in test 
circuits. Capacitor leads should be as short as possible to 
minimize ripples on the output waveform transitions and 
undershoot. Generous ground metal (preferably a ground- 
plane) should be used for the same reasons. A Vcc decoup- 
ling capacitor should be provided at the test socket, also 
with short leads. Input signals should have rise and fall 
times of 6ns, a signal swing of OV to Vec for 74HC and 
OV to 3V for 74HCT; a 1.0MHz square wave is re- 
commended for most propagation delay tests. The 
repetition rate must be increased for testing fmax: Two 
pulse generators are usually required for testing such 
Parameters as set-up time, hold time and removal time. 
fmax is also tested with 6ns input rise and fall times, with a 
50% duty factor, but for typical fmax as high as 60 MHz, 
there are no constraints on rise and fall times. 
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HCMOS family characteristics 


DEFINITIONS OF SYMBOLS AND TERMS USED IN. 
HCMOS DATA SHEETS 


Currents 


Positive current is defined as conventional current flow 
into a device. 

Negative current is defined as conventional current flow 
out of a device. 


Quiescent power supply current; the current flowing into 


the Voc supply terminal. 

Alec Additional quiescent supply current per input pin at a 
specified input voltage and Vcc. 

lonp Quiescent power supply current; the current flowing into 
the GND terminal. 

I, Input leakage current; the current flowing into a device at a 
specified input voltage and Vcc. 

lik Input diode current; the current flowing into a device at a 
specified input voltage. 

lo Output source or sink current; the current flowing into a 
device at a specified output voltage. 

lox Output diode current; the current flowing into a device at a 
specified output voltage. 

loz OFF -state output current; the leakage current flowing into 
the output of a 3-state device in the OFF-state, when the 
output is connected to Vcc or GND. 

Ig Analog switch leakage current; the current flowing into an 
analog switch at a specified voltage across the switch and 

Voltages 

All voltages are referenced to GND (ground), which is typically 0 V. 

GND Supply voltage; for a device with a single negative power 
supply, the most negative power supply, used as the 
reference level for other voltages; typically ground. 

Voc Supply voitage; the most positive potential on the device. 

Vee Supply voltage; one of two (GND and Veg) negative power 
supplies. 

Vu Hysteresis voltage; difference between the trigger levels, 
when applying a positive and a negative - going input signal. 

Vin HIGH level input voltage ; the range of input voltages that 
represents a logic HIGH level in the system. 

Vie LOW level input voltage; the range of input voltages that 
represents a logic LOW level in the system. 

Vou HIGH level output voltage ; the range of voltages at an 


output terminal with a specified output loading and supply 
voltage. Device inputs are conditioned to establish a HIGH 
level at the output. 


Vor 


Vr+ 


Vr 


DEFINITIONS 
OF SYMBOLS 


LOW level output voltage; the range of voltages at an output 
terminal with a specified output loading and supply voltage. 
Device inputs are conditioned to establish a LOW level at 
the output. 


Trigger threshold voltage; positive - going signal. 


Trigger threshold voltage; negative - going signal. 


Analog terms 


Ron 


ARon 


ON-resistance; the effective ON-state resistance of an 
analog switch, at a specified voltage across the switch and 
output load. 

AON-resistance; the difference in ON-resistance between 
any two switches of an analog device at a specified voltage 
across the switch and output load. 


Capacitances °: 


C 


Cio 


CL 


Crp 


Cs 


Input capacitance; the capacitance measured at a terminal 
connected to an input of a device. 


Input/Output capacitance; the capacitance measured at a 
terminal connected to an I/O-pin (e.g. a transceiver). 


Output load capacitance; the capacitance connected to an 
output terminal including jig and probe capacitance. 


Power dissipation capacitance; the capacitance used to 
determine the dynamic power dissipation per logic func- 
tion, when no extra load is provided to the device. 


Switch capacitance; the capacitance of a terminal to a 
switch of an analog device. 


AC switching parameters 


f, 


fax 


th 


t 


Input frequency; for combinatorial logic devices the maxi- 
mum number of inputs and outputs switching in accordan- 
ce with the device function table. For sequential logic 
devices the clock frequency using alternate HIGH and LOW 
for data input or using the toggle mode, whichever is 
applicable. 


Output frequency; each output. 


Maximum clock frequency; clock input waveforms should 
have a 50% duty factor and be such as to cause the outputs 
to be switching from 10%V¢, to 90%V¢c in accordance with 
the device function table. 


Hold time; the interval immediately following the active 
transition of the timing pulse (usually the clock pulse) or 
following the transition of the control input to its latching 
level, during which interval the data to be recognized must 
be maintained at the input to ensure their continued recog- 
nition. A negative hold time indicates that the correct logic 
level may be released prior to the timing pulse and still be 
recognized. 


Clock input rise and fall times; 10% and 90% values. 
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DEFINITIONS 
OF SYMBOLS 


AC switching parameters (continued) 


tPHL 


tPLH 


tpHZ 


tpLz 


tPZH 


tPZ2L 


Propagation delay; the time between the specified 
reference points, normally the 50% points for 
74HC and 74HCU devices on the input and output 
waveforms and the 1.3V points for the 74HCT 
devices, with the output changing from the defined 
H!GH level to the defined LOW level. 


Propagation delay; the time between the specified 
reference points, normally the 50% points for 
74HC and 74HCU devices on the input and output 
waveforms and the 1.3V point for the 74HCT 
devices, with the output changing from the defined 
LOW level to the defined HIGH level. 


3-state output disable time; the time between the 
specified reference points, normally the 50% 
points for the 74HC and 74HCU devices and the 
1.3V points for the 74HCT devices on the output 
enable input voltage waveform and a point re- 
presenting 10% of the output swing on the output 
voltage waveform of a 3-state device, with the 
output changing from a HIGH level (Voy) to a 
high impedance OF F-state (Z). 


3-state output disable time; the time between the 
specified reference points, normally the 50% 
points for the 74HC devices and the 1.3 V points 
for the 74HCT devices on the output enable input 
voltage waveform and a point representing 10% of 
the output swing on the output voltage waveform 
of a 3-state device, with the output changing from 
a LOW level (Voz) to a high impedance OF F-state 
(2). 


3-state output enable time; the time between the 
specified reference points, normally the 50% 
points for the 74HC devices and 1.3V points for 
the 74HCT devices on the output enable input 
voltage waveform and the 50% point on the output 
voltage waveform of a 3-state device, with the 
output changing from a high impedance OF F-state 
(Z) to a HIGH level (Voy). 


3-state output enable time; the time between the 
specified reference points, normally the 50% 
points for the 74HC devices and the 1.3V points 
for the 74HCT devices on the output enable input 
voltage waveform and the 50% point on the output 
voltage waveform of a 3-state device, with the 
output changing from a high impedance OFF-state 
(Z) to a LOW level (VOL). 


January 1986 


trem 


tsu 


TTHL 


tTHL 


tw 


Removal time; the time between the end of an 
overriding asynchronous input, typically a clear or 
reset input, and the earliest permissible beginning 
of a synchronous control input, typically a clock 
input, normally measured at the 50% points for 
74HC devices and the 1.3V points for the 74HCT 
devices on both input voltage waveforms. 


Set-up time; the interval immediately preceding 
the active transition of the timing pulse (usually 
the clock pulse) or preceding the transition of the 
coltrol input to its latching level, during which 
interval the data to be recognized must be main- 
tained at the input to ensure their recognition. 
A negative set-up time indicates that the correct 
logic level may be initiated sometime after the 
active transition of the timing pulse and still be 
recognized. 


Output transition time; the time between two 
specified reference points ona waveform, normally 
90% and 10% points, that is changing from HIGH- 
to-LOW. 


Output transition time; the time between two 
specified reference points ona waveform, normally 
10% and 90% points, that is changing from LOW- 
to-HIGH. 


Pulse width; the time between the 50% amplitude 
points on the leading and trailing edges of a pulse 
for 74HC and 74HCU devices and at the 1.3V 
points for 74HCT devices. 


DEVICE DATA 


QUAD 2-INPUT NAND GATE 


FEATURES 


@ Output capability: standard 
® Icc category: SSI 


GENERAL DESCRIPTION 


The 74HC/HCTOO0 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 


compliance with JEDEC standard no. 7. 


The 74HC/HCTOO provide the 
2-input NAND function. 


7287400.1 


Fig. 1 Pin configuration. 


PC74HC/HCTOO 
SSI 


TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 
tpHi/ propagation delay Cy = 15 pF 
tPLH nA, nB to nY Vec=5V 
power dissipation 


GND = 0 V; Tamb = 25 °C; ty = te = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x Vcc? x fo) where: 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz Vcc = supply voltage in V 
2 (Ci x Vcc? x fy) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCTOOP: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCTOOT: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


}PINNO, SYMBOL NAME AND FUNCTION 


1,4, 9, 12 1A to 4A data inputs 

2, 5, 10, 13 1B to 4B data inputs 

3, 6, 8, 11 1Y to 4Y data outputs 

7 GND ground (0 V) 

14 Vcc positive supply voltage 


7Z87488.1 


7Z87401.1 


Fig. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 
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PC74HC/HCTOO 
SSI 


FUNCTION TABLE 


OUTPUT 


7287487 
H = HIGH voltage level 
L = LOW voltage level 


7Z87401.1 


Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate). 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘“HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: standard 
Icc category: SSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; t, = t¢ = 6 ns; Cy. = 50 pF 


TEST CONDITIONS 
SYMBOL PARAMETER UNIT | Vcc | WAVEFORMS 
—40 to +125 Vv 
2.0 
4.5 Fig. 6 
6.0 
2.0 
output transition time as Fig. 6 


propagation delay 
nA, nB to nY 
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Quad 2-input NAND gate PC74HC/HCTOO 
SSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘’HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: standard 
Icc category: SSI 


Note to HCT types 


The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


: unit load 
inpu 


rexne [220 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; ty = te = 6 ns; CL = 50 pF 


SYMBOL PARAMETER 
oe —40 to +85 Ee... SE to +125 
eee 


tpHL/ meer abe delay 
tTHL/ output transition time 
tTLH 


TEST CONDITIONS 


WAVEFORMS 


2 


Fig. 6 


UNIT 
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PC74HC/HCTOO 
ssl 


AC WAVEFORMS 


nA, nB INPUT 


nY OUTPUT 


7296095 


Fig. 6 Waveforms showing the input (nA, nB) to 
output (nY) propagation delays and the output Note to AC waveforms 


transition times. (1) HC : Viy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 
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PC74HC/HCT02 
SSI 


QUAD 2-INPUT NOR GATE 


compliance with JEDEC standard no. 7. 


The 74HC/HCTO2 provide the 2-input 
NOR function. 


EE eee sa ota, tana He ata dee ates Dice ioc 
ATURES | | TyPicaL | 
@ Output capability: standard SYMBOL PARAMETER CONDITIONS ‘~~ 4 UNIT 
' HC | HCT | 
® icc category: SSI — es eons eee eee . sia or ce He 
F ; | 
tpHL/ propagation delay Cy = 15 pF | | | 
GENERAL DESCRIPTION ie nA, nB tonY Vceen Vv | 7 | 9 | ns 
The 74HC/HCTO2 are high-speed a Hoenn eee eee eee ee aren aes 
Si-gate CMOS devices and are pin C\ input capacitance 3.5 | 3:5. | pF 
compatible with low power Schottky acme ial SSO ee ee ee 
TTL(LSTTL). They are specified in Weise ane i 79 | DA es 


power dissipation 
| Capacitance per gate 


GND = 0 V; Tamb = 25 °C; ty = tf = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x Vcc? x fo) where: 

fj, = input frequency in MHz CL = 
fo = output frequency in MHz = 
x (Cy x Voc? x fg) = sum of outputs 

2. For HC thecondition is Vj =GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCTO2P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCTO2T: 14-lead mini-pack; plastic (SO-14; SOT- 108A). 


PIN DESCRIPTION 


7287402.1 


Fig. 1 Pin configuration. 


PIN No. SYMBOL NAME AND FUNCTION 
1, 4, 10, 13 TY to 4Y data outputs 

2, 5, 8, 11 1A to 4A data inputs 

3,6, 9, 12 1B to 4B data inputs 

7 GND ground (0 V) 
ia Vcc 7 positive supply voltage 


7287403.1 


Fig. 2 Logic symbol. 


7290977 


Fig. 3 IEC logic symbol. 
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PC74HC/HCT02 
SSI 


FUNCTION TABLE: 


INPUTS OUTPUT 
[= 


Y 


7290982 H = HIGH voltage level 
L = LOW voltage level 


7287403. 1 


Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate). 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘’Family specifications’. 


Output capability: standard 
Icc category: SSI 


AC CHARACTERISTICS FOR 74HC 
GND =0V;t, =t¢ =6 ns; Cy = 50 pF 


TEST CONDITIONS 


SYMBOL | PARAMETER Vcc | WAVEFORMS 


propagation delay 
nA, nB to nY 


output transition time 
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Quad 2-input NOR gate PC74HC/HCTO2 
SSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 


Output capability: standard 
Icc¢ category: SSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND =0V;t, =t¢=6ns; C; = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
-40 to +85 | —40 to +125 V 
rie [| in| in [me 
tpHi/ propagation delay - 
tTHL/ output transition time 7 15 22 ns 4.5 
'TLH 
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PC74HC/HCT02 
SS! 


AC WAVEFORMS 


nA, nB INPUT fr , 


nY QUTPUT 


7296095 


output (nY) propagation delays and the output 


| transition times, 


| Fig. 6 Waveforms showing the input (nA, nB) to 
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Note to AC waveforms 
(1) HC : Vpq = 50%; V; = GND to Vcc. 
HCT: Viy = 1.3V; V} = GND to 3V. 


QUAD 2-INPUT NAND GATE 


FEATURES 


@ Level shift capability 

® Output capability: standard 
(open drain) 

® Icc category: SSI 


GENERAL DESCRIPTION 


The 74HC/HCTO3 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCTO3 provide the 
2-input NAND function. 


The 74HC/HCTO3 have open-drain N- 
transistor outputs, which are not 
clamped by a diode connected to Vcc. 
In the OF F-state, i.e. when one input 

is LOW, the output may be pulled to any 
voltage between GND and Voma x. This 
allows the device to be used as a 
LOW-to-HIGH or HIGH-to-LOW level 
shifter. For digital operation and 
OR-tied output applications, these 
devices must have a pull-up resistor 

to establish a logic HIGH level. 


7293392 


Fig. 1 Pin configuration. 


PC74HC/HCT03 
SSI 


TYPICAL 


SYMBOL PARAMETER 


tpzL/ 
tPLZ 


propagation delay 


input capacitance 


power dissipation notes 1,2 
and 3 


Cpp Capacitance per gate 


Ea 


Notes 
1. Cpp is used to detemine the dynamic power dissipation (Pp in uW): 


PD = Cpp x Vcc’ xfer (CL x Vec? Kol + 


+ Z (Vo?/R_) x duty factor LOW, where: 
f; = input frequency in MHz C; = output load capacitance in pF 
fg = output frequency in MHz Vec = supply voltage in V 
Vo = output voltage in V Ri = pull-up resistor in M&2 
2 (CL x Vcc? x fg) = sum of outputs 
¥ (VoQ?/R__) = sum of outputs 
2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 
3. The given value of Cpp is obtained with: 
C, =OpF and Rj = 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCTO3P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCTO3T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


PPINNO. | SYMBOL NAME AND FUNCTION 


1,4,9, 12 1A to 4A data inputs 
2,5, 10, 13 1B to 4B data inputs 
3, 6, 8, 11 1Y to 4Y data outputs 


ground (0 V) 
positive supply voltage 


7 GND 


14 


7Z93394 


7293397 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCTO3 
SS! 


FUNCTION TABLE 


INPUTS 


7293396 


Fig. 5 Logic diagram H = HIGH voltage level 
{one gate). L = LOW voltage level 


7293397 


Fig. 4 Functional diagram. 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Voltages are referenced to GND (ground = 0 V) 


SYMBOL PARAMETER MIN. | MAX. | UNIT | CONDITIONS 
: 
Vo DC output voltage 


DC input diode current 


DC supply voltage 
+7 


for Vj <—0.5 V or Vj} > Voc + 0.5 V 


NO 
© 


S 


6| 9 
on, oO 
N 
Oo 
<j < 
> 


°C 


DC output diode current fee =] mA | for V9 <—0.5V 
DC output source or sink 25 mA for -0.5V<Vo 
current 
aid | ox Oy" DC VCC or GND current 50 mA 
*IGND 


storage temperature range —65 +150 


| for temperature range; —40 to +125 °C 
74HC/HCT 


mw above +70 °C: derate linearly with 8 mW/K 
mW above +70 °C: derate linearly with 6 mW/K 


power dissipation per package 


plastic DIL 


ol 
2 
© 


aS 
Q 
i) 


plastic mini-pack (SO) 
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C= [=e [ » 


OUTPUT 


Z = high impedance OFF -state 


Quad 2-input NAND gate 


SSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ““HCMOS family characteristics’’, section ‘‘Family specifications’, except that the Voy values 
are not valid for open drain. They are replaced by Igy as given below. 


Output capability: standard (open drain), excepting Voy 
Icc category: SSI 


Voltages are referenced to GND (ground = 0 V) 
— 


TEST CONDITIONS 


Tamb (°C) 


74HC 
SYMBOL | PARAMETER UNIT | Voc | Vy 


—40to+85 | —40to+125 


in| [matin nme 


HIGH level output 
'OH leakage current | fos ee ae ee 


*The maximum operating output voltage (VQmax) is 6.0 V. 


AC CHARACTERISTICS FOR 74HC 


GND = OV; t, = tp =6ns;C, = 50 pF 


Tee) TEST CONDITIONS 
74HC 

SYMBOL | PARAMETER | Vec | WAVEFORMS 

+25 —40to+85 | —40to +125 

sates 
min. | typ. | max. max. | min. | max. 
—— aig 

28 | 95 120 145 
tpzL/ propagation delay 10 | 19 24 29. 
tPLZ nA, nB to nY Q 16 20 25 

19 | 75 95 110 
tTHL output transition time 7 15 19 22 
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PC74HC/HCT03 
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PC74HC/HCT03 
SSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter “‘HCMOS family characteristics’, section ‘‘Family specifications”, except that the VQ} values 
are not valid for open drain. They are replaced by |Q}4 as given below. 


Output capability: standard (open drain), excepting Voy 
Icc category: SSI 


Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) | TEST CONDITIONS 


74HCT 
SYMBOL | PARAMETER UNIT | Vec | Vy OTHER 
“a0%e +85 | —40%0 +125 : 
[min.| typ. | max. | min.| max. | min, | max. | 
4.5_ 
IOH 0.5 5.0 BA to VIL 
5.5 
*The maximum operating output voltage (VQmax) is 6.0 V. 
Note to HCT types 
The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 
UNIT LOAD 
ree COEFFICIENT 
fae [10 


AC CHARACTERISTICS FOR 74HCT 
GND =OV;t,=t¢=6 ns; Cy = 50 pF 


HIGH level output 
leakage current 


TEST CONDITIONS 


UNIT |Vcc | WAVEFORMS 
Vv 


propagation delay 
nA, nB, to nY 
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Quad 2-input NAND gate PC74HC/HCT03 
SSI 


SOT EO VOCE re DEST OPORTO TRO UT.VET NE EOTTTOE 


AC WAVEFORMS 


nA, nB INPUT 


nY OUTPUT 


7293393 typed: bee 


Fig. 6 Waveforms showing the input (nA, nB) to 

output (nY) propagation delays and the output Note to AC waveforms 

Paneer nes (1) HC: Vy = 50%; Vj = GND to Vcc. 
HCT: Vy =1.3V; Vj = GND to 3V. 


TEST CIRCUIT AND WAVEFORMS 


NEGATIVE 
Ry = 7 kQ INPUT 
PULSE 
PULSE 
GENERATOR 
50pF 
i POSITIVE 
7293395 % INPUT 
PULSE 


vimanas (VS 


Fig. 7 Test circuit (open drain) 72874763 


Definitions for Figs. 7 and 8: 
Cy = load capacitance including jig and 


probe capacitance os 
(see AC CHARACTERISTICS for ; 
values). FAMILY | AMPLITUDE | Vy 

Ry = termination resistance should be equal 
to the output impedance Zo of the PULSE WIDTH 


pulse generator. 

tr = tp =6 ns; when measuring frygx, there Vcc 50% 
is no constraint on t,, t¢ with 50% 3.0V 13V|<2ns 
duty factor. : : 
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PC74HC/HCT04 
SSI 


HEX INVERTER 


FEATURES 


@ Output capability: standard SYMBOL PARAMETER CONDITIONS 
® Icc category: SSI 


TYPICAL 


GENERAL DESCRIPTION propagation delay 


nA to nY 
The 74HC/HCT04 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 


input capacitance 


TTL(LSTTL). They are specified in power dissipation ates Taba DO 
compliance with JEDEC standard no. 7. capacitance per gate 

The 74HC/HCT04 provide six inverting a 

buffers. GND =O V; Tamb = 25 C; tp = tf = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in nW): 
Pp =Cpp x Vcc’ x fi + © (CL x VCC? x fo) where: 
fj = input frequency in MHz CL. 
fo = output frequency in MHz VCC 
Zz (Ci x Vcc? x fg) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


tou 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCTO4P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCTO4T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


NAME AND FUNCTION 


data inputs 
data outputs 
7 ground (0 V) 
14 positive supply voltage 


7Z87404.1 7290947 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol. 
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PC74HC/HCT04 
SSI 


FUNCTION TABLE | 


Deep 


7290978 


Fig. 5 Logic diagram (one inverter). 


H = HIGH voltage level 
L = LOW voltage level 


7Z87406.1 


Fig. 4 Functional diagram. | 


DC CHARACTERISTICS FOR 74HC | a 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section “Family specifications’’. 


Output capability: standard 

Icc category: SSI 

AC CHARACTERISTICS FOR 74HC 
GND = 0 V; ty =t¢ =6 ns; Cy = 50 pF 


Tan CC) TEST CONDITIONS 


SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 


-40 to +85 | —40 to +125 Vv 


min typ. max. min max max 
25 | 90 135 2.0 
propagation delay 9 | 18 27 | ns 45 
nA to nY 7 | 15 20 23 6.0 
19 | 75 95 110 2.0 
output transition time 7 15 19 22 ns 4.5 Fig. 6 
6 | 13 16 19 6.0 


acca reannneenh ten  emenre r enee 
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Hex inverter PC74HC/HCT04 
SSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘“HCMOS family characteristics’’, section ‘’Family specifications”. 


Output capability: standard 
Icc category: SSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


AC CHARACTERISTICS FOR 74HCT 
GND =O V;t, =t¢=6 ns; C, = 50 pF 


TEST CONDITIONS 
PARAMETER UNIT | Vec | WAVEFORMS 
~40 to +85 | —40 to +125 V 


propagation delay 
nA to nY 
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PC74HC/HCT04 
SSI 


AC WAVEFORMS 


nA INPUT 


nY OUTPUT 


7290949 


Fig. 6 Waveforms showing the data input (nA) 
to data output (nY) propagation delays and 
the output transition times. 
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Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3 ¥; Vj = GND to 3V. 


HEX INVERTER 


FEATURES 


@ Output capability: standard 
® Icc category: SS! 


GENERAL DESCRIPTION 


The 74HCU04 is a high-speed 

Si-gate CMOS device and is pin 
compatible with low power Schottky 
TTL (LSTTL). It is specified in 


compliance with JEDEC standard no. 7. 


The 74HCU04 is a general purpose 
hex inverter. Each of the six inverters is 
a single stage. 


FUNCTION TABLE 


INPUT OUTPUT 


ml 
L H 
H L 

H = HIGH voltage level 

L = LOW voltage level 


7287405.1 


Fig. 1 Pin configuration. 


PC74HCU04 
SSI 


SYMBOL PARAMETER 


tPHL/ 
tPLH 


GND = 0 V; Tamb = 25 °C; ty = t¢ = 6 ns 


CONDITIONS 


; 


propagation delay 
nA to nY 


input capacitance 


power dissipation 
Capacitance per inverter 


notes 1 and 2 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x VCC’ x fo) where: 


f; = input frequency in MHz CL 
fo = output frequency in MHz VCC 
» (CL x Voc? x fg) = sum of outputs 


output load capacitance in pF 
supply voltage in V 


fi oil 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HCUO4P: 14-lead DIL; plastic (SOT-27). 
PC74HCUO4T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


1A to 6A data inputs 


1Y to 6Y data outputs 


GND 
Vcc 


ground (0 V) 
positive supply voltage 


7290947 


Fig. 2 Logic symbol. 


Fig. 3 IEC logic symbol. 
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PC74HCU04 
~ $Si 


Voc 


100 Q 1702 
nA 


7283835 


7Z287406.1 


Fig. 5 Schematic diagram 


rig. 4 Functional diagram. (one inverter). 
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Hex inverter PC74HCU04 
SSI 


DC CHARACTERISTICS FOR 74HCU 


Voltages are referenced to GND (ground = 0 V) 


TEST CONDITIONS 


Veci Vi OTHER 
V 
2.0 


SYMBOL | PARAMETER 


VIH HIGH level input voltage . 
VIL LOW level input voltage - 
VOH HIGH level output voltage 

VOH HIGH level output voltage 

VOL LOW level output voltage 

VOL LOW level output voltage 

tly input leakage current 

Icc quiescent supply current or 
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PC74HCU04 
SSI 


AC CHARACTERISTICS FOR 74HCU 
GND = 0 V;t, = te= 6 ns; C, = 50 pF 


SYMBOL |} PARAMETER 


tpHL/ 
tPLH 
tTHL/ 
tTLH 


75 
15 
13 


propagation delay 
nA to nY 


output transition time 


TEST CONDITIONS 
UNIT 


WAVEFORMS 


V 
2.0 
4.5 
6.0 


110 
22 
9 


2.0 
4.5 
6.0 


AC WAVEFORMS 


nA INPUT 


nY OUTPUT 


7290949 


Fig. 6 Waveforms showing the data input (nA) 
to data output (nY) propagation delays and the 
output transition times. 


TYPICAL TRANSFER CHARACTERISTICS 


Note to AC waveforms 
(1) Vpy = 50%; V) = GND to Vcc. 


7Z90951 7290952 


Vo 
(Vv) 
5 
4 
Cy eons 
2 }. 
sls 
/ 
eo a LSS 
Vy (Vv) 0 2 4 viv) 6 0 04 08 $12 #16 20 
Vv, (Vv) 
Fig. 7 Fig. 8 Fig. 9 
—— Vg; — — — — |p (drain current) —— Vo;-— —-—— |p (drain current) —— Vo;- ——— |p (drain current) 


lo = 0; Veg =4.5V. 


| lo =0; Vee =6.0V. 
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lo = 90; Vee = 2.0 V. 


Hex inverter PC74HCU04 
SSI 


____ 7293708 


R pias = 560K 


input | output roti 


GND 
7Z93325 


Vec (Vv) 


Fig. 10 Test set-up for measuring forward Fig. 11 Typical forward transconductance gfs 
transconductance gf, = dig/dvj at as a function of the supply voltage Vcc at 
Vo is constant (see also graph Fig. 11). Tamb = 25 OC. 


APPLICATION INFORMATION 
Some applications for the ‘‘HCU04” are: 
@ Incrystal oscillator designs 


@ Linear amplifier (see Fig. 12). 


7293707 


Fig. 12 HCU04 used as a linear amplifier. 


Note to Fig. 12 
Z, > 10 kQ; Ag, = 20 {typ.) 


A 
aoe OL 


ai Dk VO max (p-p) 
1+— (1+AOQL) = Vcc —2 V cente- 
R2 red at 2 Vcc 


3kQ <R1,R2<1MQ 

Typical unity gain bandwidth product is 5 MHz. 
Cj = 20 pF (typ.) ar 

AQ. = open loop amplification 

Ay — = voltage amplification 
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PC74HC/HCTO8 
SSI 


QUAD 2-INPUT AND GATE 


FEATURES 


® Output capability: standard 
® Icc category: SSI 


GENERAL DESCRIPTION 

The 74HC/HCTO8 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 


compliance with JEDEC standard no. 7. 


The 74HC/HCTO8 provide the 2-input 
AND function. 


7Z93600 


Fig. 1 Pin configuration. 
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SYMBOL 


 Typicat. | 
PARAMETER CONDITIONS Pact] 
ca 
propagation delay Cy = 15 pF j pn foe | 
nA, nB to nY Vec=5V 
fees | 
power dissipation 


GND = 0 V; Tamb = 25 °C; ty = tp = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fi+ = (CL x Vcc? x fo) where: 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voitage in V 
2X (Cy x Vec? x fo) = sum of outputs 


2. For HC thecondition is Vj} = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCTO8P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCTO8T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


PINNo. | SYMBOL NAME AND FUNCTION 


1,4,9, 12 1A to 4A data inputs 

2, 5, 10, 13 1B to 4B data inputs 

3, 6, 8, 11 1¥ to 4Y data outputs 
GND ground (0 V) 


14 positive supply voltage 


Vcc 


7293601 


7293603 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 


Quad 2-input AND gate PC74HC/HCT08 
SSI 


A 
Dp 
B 7293634 


7293604 


7293603 


Fig. 6 HCT logic diagram 


Fig. 4 Functional diagram. Fig. 5 HC logic diagram (one gate). (one gate). 


FUNCTION TABLE 


INPUTS OUTPUT 
eaten 


H = HIGH voltage level 
L = LOW voltage level 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: SSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV;t, = t¢=6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 


74HC 
SYMBOL | PARAMETER UNIT Yeo WAVEFORMS 
vp. 34 mele 


: 25 90 115 135 
tpHL/ propagation delay 9 |18 23 27. | ns 45 Fig. 7 
‘PLH AS DE MOIy 7 115 20 23 6.0 
110 2.0 
output transition time 22 4.5 Fig. 7 
19 6.0 
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PC74HC/HCT08 
SSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’’, section ‘Family specifications’. 
Output capability: standard 
Icc category: SSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t, = tg = 6 ns; Cy = 50 pF 
Tamb (°C) TEST CONDITIONS 


74HCT 
UNIT | Vcc | WAVEFORMS 


SYMBOL | PARAMETER 
+25 —40to+85 | —40 to +125 Vv 
36 


tpy/ propagation delay 14 |24 30 
tPLH nA, nB to nY 


ns Fig. 7 


tTHL/ output transition time 7 15 19 22 ns 4.5 Fig. 7 


tTLH 


AC WAVEFORMS 


nA, nB INPUT 


nY OUTPUT 


7293602 tTHL® 


Fig. 7 Waveforms showing the input (nA, nB) Note to AC waveforms 
to output (nY) propagation delays and the (1) HC : Vy = 50%; V, = GND to Vcc. 
output transition times. HCT: Viy = 1.3 V; Vj = GND to 3V. 
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PC74HC/HCT10 
SSI 


TRIPLE 3-INPUT NAND GATE 


FEATURES 


© Output capability: standard SYMBOL 
® Icc category: SSI 


TYPICAL 
CONDITIONS 


PARAMETER 


GENERAL DESCRIPTION ‘PHL! propagation aelay 
tPLH nA, nB, nC to nY 
The 74HC/HCT 10 are high-speed 
Si-gate CMOS devices and are pin Cj input capacitance — 3.5 3.5 pF 
compatible with low power Schottky — 
TTL (LSTTL). They are specified in power dissipation 
compliance with JEDEC standard no. 7. CPD Capacitance per gate notes vand.2 pF 


The 74HC/HCT10 provide the 3-input 
NAND function. 


GND = OV; Tamb = 25 °C; ty = te = 6 ns 

Notes 

1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x Vcc? x fo) where: 


output load capacitance in pF 
supply voltage in V 


fj = input frequency in MHz CL 
fo = output frequency in MHz VCC 
2 (Ci x Vcc? x fg) = sum of outputs 

2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj} = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT10P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT10T: 14-lead mini-pack: plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


PINNO. | SYMBOL NAME AND FUNCTION 


1A to 3A data inputs 
1B to 3B data inputs 
1C to 3C 
TY to 3Y 
GND 


data inputs 


data outputs 
ground (0 V) 
positive supply voltage 


7293366 7293367 


7293368 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT10 
SSI 


FUNCTION TABLE 


INPUTS OUTPUT 
: 


Y 


7Z93369 


Iir-ir Lerir 
Torr LTTrTtLT 


Gis af cite oie RM al me cl om . 


7293368 


Fig. 5 Logic diagram (one gate). H = HIGH voltage level 
L = LOW voltage level 


Fig. 4 Functional diagram. 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’’. 


Output capability: standard 
Icc category: SSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV; t, = te=6 ns; C, = 50 pF 


TEST CONDITIONS | 


a — Tamb (°C) - 
74HC 
SYMBOL | PARAMETER 3 UNIT | Vcc | WAVEFORMS 
30 | 95 120 145 2.0 

‘PHL || ‘Propagation celay 11 | 19 24 29 45 | Fig.6 
tPLH nA,nB,nCtonY — 9 16 0 25 6.0 
| 110 2.0 | 
tTHL/ 22 ns {4.5 | Fig.6 
"TLH 19 6.0 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: standard 
Icc category: SSI 


- 
< 
3 


output transition time 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 
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Triple 3-input NAND gate PC74HC/HCT10 
SSI 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t, = te =6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT | 
SYMBOL | PARAMETER 


+25 —40 to +85 | —40to+125 


min.| typ.| max. | min. | max. | min. 


tpy/ propagation delay 

WA RB uC tony 14 | 24 30 36 ns 4. Fig. 6 
tTHL/ output transition time 7 15 ns 4.5 Fig. 6 
tTLH 


AC WAVEFORMS 
Note to AC waveforms 


(1) HC : Vm = 50%; V; = GND to Vcc: 
HCT: Vy =1.3V; Vy = GND to 3V. 


NO 
NO 


nA,nB,nc INPUT 


nY OUTPUT 


7293115 


Fig. 6 Waveforms showing the input (nA, nB, 
nC) to output (nY) propagation delays and the 
output transition times. 
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PC74HC/HCT11 
SSI 


TRIPLE 3-INPUT AND GATE 


FEATURES 


@ Output capability: standard 
® Icc category: SSI 


GENERAL DESCRIPTION 


The 74HC/HCT11 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 


compliance with JEDEC standard no. 7. 


The 74HC/HCT11 provide the 
3-input AND function. 


7Z87415.1 


Fig. 1 Pin configuration. 
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TYPICAL 
CONDITIONS UNIT 


SYMBOL 
tpHL/ propagation delay Cy, = 15 pF 13 
tPLH nA, nB, nC to nY Vec=5V 
CE 
power dissipation 
a 


GND =0 V; Tamb = 25 °C; ty = tf = 6 ns 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + = (CL x Vcc? x fo) where: 

fj = input frequency in MHz CL 
fo = output frequency in MHz VCC 
& (Cy x Vec’ x fy) = sum of outputs 

2. For HC thecondition is Vj] = GND to Vcc 
For HCT the condition is Vj] = GND to Vcc — 1.5 V 


PARAMETER 


Notes 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT11P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT11T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


1A to 3A data inputs 
1B to 3B data inputs 
GND ground (0 V) 
1Y to 3Y 
1C to 3C 
Vcc positive supply voltage 


data outputs 
data outputs 


7Z87416.1 7293164 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 


Triple 3-input AND gate PC74HC/HCT11 
SSI 


FUNCTION TABLE 


INPUTS OUTPUT 
~[~e[e[ 9 


of >o—y 


7293165 


72Z87416.1 


H = HIGH voltage level 
Fig. 5 Logic diagram (one gate). L = LOW voltage level 


Fig. 4 Functional diagram. 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘“Family specifications’’. 


Output capability: standard 
Icc category: SSI 


AC CHARACTERISTICS FOR 74HC 
GND =0 V;t, = t¢ = 6 ns; CL = 50 pF 


Tamb (°C) TEST CONDITIONS 


SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
V 
| 

t / ropagation dela [20 

PHL proped y ns 4.5 | Fig.6 
tPLH nA, nB, nC to nY 6.0 i 
t / 2.0 

THL output transition times ns 4.5 Fig. 6 
tTLH 6.0 
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PC74HC/HCT11 
SSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’’. 


Output capability: standard 
Icc category: SSI 


Note to HCT types 


The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 


coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; t, = te = 6 ns; Cy = 50 pF | | 


Tamb (°C) TEST CONDITIONS 


74HCT 
UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 | —40 to +125 Vv 


propagation delay 


tPHL/ 

tPLH nA, nB, nC to nY 
tTHL/ output transition times 
tTLH 
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PC74HC/HCT11 


- Triple 3-input AND gate 
SS! 


AC WAVEFORMS 


nA,nB,nC INPUT 


nY OUTPUT 


7293166 


ig. 6 Wavef howing the i t (nA, nB, 
Fig. 6 Waveforms showing the input (nA, n Note to AC waveforms 


nC) to output (nY) propagation delays and the 
output transition times. (1) HC : Vay = 50%; V; = GND to Voc. 


HCT: Vay = 1.3V; V} = GND to 3V. 
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PC74HC/HCT 14 
SSI 


HEX INVERTING SCHMITT TRIGGER 


FEATURES 

® Output capability: standard 
e lec category: SSI 
GENERAL DESCRIPTION 


The 74HC/HCT14 are high-speed Si-gate 
CMOS devices and are pin compatible 


with low power Schottky TTL (LSTTL). 


They are specified in compliance with 
JEDEC standard no. 7. 


The 74HC/HCT14 provide six inverting 
buffers with Schmitt-trigger action. 
They are capable of transforming slowly 
changing input signals into sharply 
defined, jitter-free output signals. 


7293643 


Fig. 1 Pin configuration. 


. me Z : = ee 
TYPICAL | 
PARAMETER CONDITIONS |-——---———| UNIT 
HC HCT 
propagation delay Cy =15 pF 
nA to nY Vec=5V a i a 


input capacitance 


power dissipation 
Capacitance per gate 


| notes 1 and 2 


GND = 0 V; Tamb = 25 °C; ty = tz = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Po =Cpp x Vcc’ x fj + © (CL x VEC? x fo) where: 
fj = input frequency in MHz Cie 
fo = output frequency in MHz Vcc 
2 (Cy x Vec? x fg) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT14P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT14T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


/PINNO. [SYMBOL NAME AND FUNCTION 


1,3, 5,9, 11,13)1A to 6A 
2,4, 6, 8, 10, 12|1Y to 6Y 


data inputs 


data outputs 
ground (0 V) 
positive supply voltage 


[Tos 
ace | jo 4 
5 3A IT jo%e 
148 Toe 


5A 
1 344 IT Jo2 10 


7293648 


7293647 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC 74HC/HCT14 
SSI 


7293645 


Fig. 5 Logic diagram (one Schmitt trigger). 


7293646 


Functional diagram. 


FUNCTION TABLE 


INPUT OUTPUT 


maf oy 
L H 
H L 

H = HIGH voltage level 

L = LOW voltage level 


APPLICATIONS 


@ Wave and pulse shapers 
@ Astable multivibrators 
@ Monostable multivibrators 
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Hex inverting Schmitt trigger PC74HC/HCT 14 
SS] 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. Transfer character- 
istics are given below. 


Output capability: standard 
loc category: SSI 


Transfer characteristics for 74HC 


Voltages are referenced to GND (ground = 0 V) 


he . | 7 rer coors | 


—_———| UNIT Vcc | WAVEFORMS 


SYMBOL 


PARAMETER it 


40 to +125 Vv 
= eae ear 
min min max 
| — acaieal Z ol ta sero tcl] 
0.7 1.5 O97 5 2.0 


positive-going threshold Vey 


21 2.1 4.2 6.0 
E Jae ae 

0.3 0.3 1.0 | 
negative-going threshold 0.9 0.9 2.2 V Figs 6 and 7 

1.2 1.2 3.0 

0.2 0.2 1.0 
hysteresis (VT4 — V7T_) 0.4 0.4 1.4 V Figs 6 and 7 

0.6 0.6 1.6 


AC CHARACTERISTICS FOR 74HC 
GND =O V;t, =t,e=6ns; Cy = 50 pF 


Tad) TEST CONDITIONS 
74HC a 
SYMBOL | PARAMETER ee ——_ 


WAVEFORMS 
—40 to +125 


propagation delay 
nA, nB to nY 


output transition time | 7 
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204 


PC74HC/HCT14 
SSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter “‘HCMOS family characteristics’, section ‘‘Family specifications’. Transfer character- 
istics are given below. 


Output capability: standard 
Icc category: SSI 


Note to HCT types 


The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


Transfer characteristics for 74HCT 
Voltages are referenced to GND (ground = 0 V) 


| TESTCONDITIONS —_| CONDITIONS 


SYMBOL | PARAMETER UNIT Vee WAVEFORMS 
—40 to +85 
typ. me mine [ne | 


a positive-going threshold if te 


negative-going threshold 


hysteresis (V~4 - 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; t, = t¢ = 6 ns; Cy = 50 pF 


: TEST CONDITIONS 
SYMBOL | PARAMETER 


tpyHL/ propagation delay 
tpLy nA, nB to nY 
tTHL/ output transition time 
'TLH 
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Hex inverting Schmitt trigger 


TRANSFER CHARACTERISTIC WAVEFORMS 


vy 


Ew Vu be 


7293338 


Fig. 6 Transfer characteristic. 


AC WAVEFORMS 


nA INPUT 


nY OUTPUT 


7293644 


Fig. 8 Waveforms showing the input (nA, nB) to 
output (nY) propagation delays and the output 
transition times. 


PC74HC/HCT14 
SSI 


eff 
7293339 


Fig. 7 Waveforms showing the definition of 
VT+, Vp— and Vy; where V7, and V7_ 
are between limits of 20% and 70%. 


Note to AC waveforms 
(1) HC : Vpq = 50%; Vj = GND to Vcc. 
HCT: Vy = 1.3 V; Vj = GND to 3V. 
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PC74HC/HCT20 


206 


SSI 


DUAL 4-INPUT NAND GATE 


FEATURES 


@ Output capability: standard 
® Icc category: SS! 


GENERAL DESCRIPTION 


The 74HC/HCT20 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 


compliance with JEDEC standard no. 7. 


The 74HC/HCT20 provide the 4-input 
NAND function. 


7293762 


Fig. 1 Pin configuration. 
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tpHL/ propagation delay Cy = 15 pF 8 13 
tPLH nA, nB, nC, nD to nY Vcc =5V 
fe [immeonnine |e | ae 
power dissipation E 
Notes 


GND =0 V; Tamb = 25 C; ty = tz = 6 ns 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cppx Vcc? x fi + = (CL x Vcc’ x fo) where: 
fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
x (Cy x Vec? x fy) = sum of outputs 
2. For HC thecondition is Vj = GND to VCC 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT20P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT20T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


NAME AND FUNCTION 


data inputs 


PIN DESCRIPTION 


SYMBOL 


data inputs 

not connected 

data inputs 

data inputs 

data outputs 

ground (0 V) 

positive supply voltage 


7293763 


7293764 


Fig. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 


Dual 4-input NAND gate 


Y 


7293765 


7293767 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


INPUTS OUTPUT 
joa | oe | ne | mo | inv 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 


DC CHARACTERISTICS FOR 74HC 


Fig. 5 HC logic diagram (one gate). 


PC74HC/HCT20 
SSI 


7293766 


Fig. 6 HCT logic diagram (one gate). 


For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘Family specifications’. 


Output capability: standard 
Icc category: SSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V;t, = te =6 ns; Cy = 50 pF 


SYMBOL | PARAMETER 


propagation delay 
nA, nB, nC, nD tonY 


output transition time 


TEST CONDITIONS 


re WAVEFORMS 
ri Fig. 7 

6.0 

2.0 

4.5 Fig. 7 

6.0 
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PC74HC/HCT20 
SSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’’. 


Output capability: standard 
Icc category: SSI 


Note to HCT types 


The value of additional quiescent supply current (Alc¢) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT | COEFFICIENT 
nA, nB, 
nc, nD 


AC CHARACTERISTICS FOR 74HCT 
GND =0 V;t, =t¢=6ns; Cy = 50 pF 


Tam Ce) | TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
—40 to +85 | —40 to +125 Vv 
a een 


propagation ey 


AC WAVEFORMS 


n¥ OUTPUT 


7Z93768.1 


Fig. 7 Waveforms showing the enable input (nA, nB, 
nC, nD) to output (nY) propagation delays and the Note to AC waveforms 

output transition times. (1) HC : Vy = 50%; V) = GND to Vcc. 
HCT: Vy =1.3V; Vy = GND to 3V. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 


DUAL 4-INPUT AND GATE 


FEATURES 


® Qutput capability: standard 
® Icc category: SSI 


GENERAL DESCRIPTION 


The 74HC/HCT21 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT21 provide the 4-input 
NAND function. 


FUNCTION TABLE 


INPUTS 


OUTPUT 


H = HIGH voltage level 
L = LOW voltage level 
X = don’t care 


Fig. 1 Pin configuration. 


specifications are subject to change without notice. 


SYMBOL PARAMETER 


propagation delay 
nA, nB, nC, nD to nY 


input capacitance | 35 


PC74HC/HCT21 
SSI 


TYPICAL 


CONDITIONS 


GND = 0 V; Tamb = 25 °C; t, = tf = 6 ns 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT21P: 


PIN DESCRIPTION 


SYMBOL 


14-lead DIL; plastic (SOT-27). 
PC74HC/HCT21T: 14-lead mini-pack; 


plastic (SO-14: SOT108A). 


NAME AND FUNCTION 


data inputs 
data inputs 
not connected 
data inputs 
data inputs 
data outputs 
ground (0 V) 


positive supply voltage 
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TRIPLE 3-INPUT NOR GATE 


FEATURES 


@ Output capability: standard 
® Icc category: SSI 


GENERAL DESCRIPTION 


The 74HC/HCT27 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 


compliance with JEDEC standard no. 7. 


The 74HC/HCT27 provide the 
3-input NOR function. 


7Z87417.1 


Fig. 1 Pin configuration. 


PC74HC/HCT27 
SSi 


SYMBOL PARAMETER 


T 
CONDITIONS 
H 
8 


C; = 15 pF 
Vec=5V 


notes 1 and 2 | 24 | 30 | pF | 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + © (CL x VCC’ x fo) where: 
fj = input frequency in MHz CL 
fo = output frequency in MHz VCC 
x (Ci x Vcc? x fg) = sum of outputs 
2. For HC thecondition is Vj = GND to VCC 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


tpHL/ propagation delay 
tPLH nA, nB, nC tonY 


input capaci tance 


power dissipation 
capacitance per gate 


GND = 0 V; Tamb = 25 °C; ty = te = 6 ns 


Notes 


output load capacitance in pF 
supply voltage in V 


tot 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT27P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT27T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


1, 3,9 1A to 3A data inputs 

2, 4, 10 1B to 3B data inputs 

13, 5, 11 1C to 3C data inputs 

7 GND ground (0 V) 

12,6, 8 TY to 3Y data outputs 

14 Vcc positive supply voltage 


7287418.1 7293113 


Fig. 2 Logic symbol. Fig. 3 !EC logic symbol. 
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PC74HC/HCT27 
SSI 


FUNCTION TABLE 


INPUTS OUTPUT 


7293114 H = HIGH voltage level 
L = LOW voltage level 
7287418.1 X = don’t care 


Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate). 


DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section “Family specifications’’. 
Output capability: standard 

Icc category: SS! 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; ty = te = 6 ns; Cy = 50 pF 


TEST CONDITIONS 


UNIT | Vcc | WAVEFORMS 
—40 to +125 


propagation delay 
nA, nB, nC to nY 
output transition time 


SYMBOL | PARAMETER 
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Triple 3-input NOR gate PC74HC/HCT27 
SSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’’. 


Output capability: standard 
Icc category: SSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 


eee unit load 
De coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND =0 V; t, = tp = 6 ns; C; = 50 pF 


Tamb (°C) TEST CONDITIONS 


74HCT 
PARAMETER UNIT | Vcc | WAVEFORMS 
V 
oe al | oe 


propagation delay 4 Fia. 6 
nA, nB, nC tonY 12 21 26 32 ns 5 ig 


SYMBOL 


output transition time 7 15 19 22 ns 4.5 Fig. 6 
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PC74HC/HCT27 
SSI 


AC WAVEFORMS 


nA, nB, nC INPUT 


nY¥ OUTPUT 


7293115 


Fig. 6 Waveforms showing the input (nA, nB, 
nC) to output (nY) propagation delays and the 
output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; V) = GND to Vcc. 
HCT: Vy = 1.3V; Vy} = GND to 3V. 
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PC74HC/HCT30 
SS! 


8-INPUT NAND GATE 


FEATURES 


@® Output capability: standard 
® Icc category: SSI 


TYPICAL | 


CONDITIONS Ecc 
propagation delay 


CL = 15 pF a 
A,B,C, D,E, F,G,H to Y oes 


oo femesee ae [w [> Jo 
Capacitance per gate 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + © (CL x Vcc? x fo) where: 
fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
x (Cy x Vcc? x fg) = sum of outputs 
2. For HC thecondition is Vj = GND to V¢éc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


SYMBOL PARAMETER 


t / 
GENERAL DESCRIPTION ao 
The 74HC/HCT30 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 


compliance with JEDEC standard no. 7. 


The 74HC/HCT30 provide the 8-input GND = 0 V; Tamb = 25 °C; tr = t¢ = 6 ns 
NAND function. 


Notes 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT30P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT30T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


PINNO. SYMBOL NAME AND FUNCTION 


data input 


data input 


data input 
data input 


data input 


data input 

ground (0 V) 

data output 

not connected 

data input 

data input 

positive supply voltage 


7293815 
7Z93814 


7293817 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT30 
SSI 


7293817 


Fig. 4 Functional diagram; 
Y = ABCDEFGH. 


FUNCTION TABLE 


INPUTS OUTPUT 


Alele|ple|Fic|w 
Li X)X|X/|X |XX |X H 
XX} LIX xX; X |X; xX] xX H 
X; XL X]X|X)xX] Xx H 
X}|X|X}|LIX\|xX;x]|X H 
X|X}X LjixX}|xX|xX H 
X |X] X X|L|X|X H 
X|X |X X|X|LIX H 
X|X| X X{X|XPL H 
H|H{H H|H|H]H L 


H = HIGH voltage level 
L = LOW voltage level 
X = don’t care 


January 1986 


Fig. 5 Logic diagram. 


O— Y 


7293818 


8-input NAND gate PC74HC/HCT30 
SSI 


DC CHARACTERISTICS FOR 74 HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Ic¢ category: SSI 


AC CHARACTERISTICS FOR 74HC 
GND=OV; tr = tf=6ns;C; = 50 pF 


pa nr ae ae °C) TEST CONDITIONS 
pte 
SYMBOL | PARAMETER UNIT ac WAVEFORMS 
—_ —40 to +85 40 t0 #125 to 40 t0 #125 
min.| typ. | max. | min, | max. | min, | max. 
tpHL/ propagation delay Pr sey ie be ra Fig. 6 
tPLH A, B, GC; D, E, F, G, H to Y 14 22 28 33 6.0 
: / 110 2.0 
THL 22 4.5 Fig. 6 
'TLH 19 6.0 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter “HCMOS family characteristics’, section ‘Family specifications’. 


output transition time 


Output capability: standard 
lcc category: SSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT |) COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT 
GND = 0-V; t, = t¢ = 6 ns; CL = 50 pF 


TEST CONDITIONS 
74HCT 
SYMBOL |} PARAMETER UNIT — WAVEFORMS 
| 425 | 0 to +85 | —40 to 4010 +125 


ahem eee 
tpHL/ propagation delay 

t A,B, C, D, E, F,G, H to Y i oe 

PLH 

tTHL/ output transition time d 

tTLH 
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PC74HC/HCT30 
SSI 


AC WAVEFORMS 


A,B,C,D,E,F,G,H 
INPUT 


Y OUTPUT 


7293819 


Fig. 6 Waveforms showing the input (A, B, C, D, E, F, 
G, H) to output (Y) propagation delays and the output 
transition times. 
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Note to AC waveforms 
(1) HC : Vpyq = 50%; Vj = GND to Vec. 
HCT: Vy = 1.3V; Vj = GND to 3V. 


PC74HC/HCT32 
SSI 


QUAD 2-INPUT OR GATE 


as 
@ Output capability: standard SYMBOL PARAMETER CONDITIONS UNIT 
© Icc category: SS! 


GENERAL DESCRIPTION propagation delay ns 
nA, nB tonY 
The 74HC/HCT32 are high-speed 
compatible with low power Schottky ES 
pF 


TTL (LSTTL). They are specified in 


compliance with JEDEC standard no. 7. 
The 74HC/HCT32 provide the 5 
2-input OR function. GND = 0 V; Tamb = 25 °C; t, = te = 6 ns 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp = Cpp x Vcc’ x fi + © (CL x Vcc? x fo) where: 
fj = input frequency in MHz CL 
fo = output frequency in MHz VCC 
& (Cy x Voc? x fy) = sum of outputs 
2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


Notes 


ou 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT32P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT32T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


PIN NO. SYMBOL 


1,4, 9, 12 1A to 4A 
2,5, 10, 13 1B to 4B 


NAME AND FUNCTION 


data inputs 


data inputs 


3, 6, 8, 11 1Y to 4Y data outputs 
7 GND ground (0 V) 
14 Vcc positive supply voltage 


7287419.1 7287420.1 7290989 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT32 
SSI 


FUNCTION TABLE 


H = HIGH voltage leve! 
L = LOW voltage level 


7Z87420.1 


Fig. 4 Functional diagram. 


A N 
B o—|>o— v 
7Z90990 


ito 


7293123 


Fig.5 Logic diagram PC54/74HC 


Fig.6 Logic diagram PC54/74HCT 
(one gate). 


(one gate). 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section “Family specifications”. 


Output capability: standard 
Icc category: SSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; ty = tf = 6 ns; CL = 50 pF 


SYMBOL |} PARAMETER 


—40 to +85 | —40to +125 


propagation delay 
nA, nB to nY 


Output transition time 
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PC74HC/HCT32 
SSI 


Quad 2-input OR gate 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: SSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 


Aout unit load 
P coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; ty = te = 6 ns; Ct = 50 pF 


Tamb (°C) 


74HCT 


TEST CONDITIONS 


SYMBOL | PARAMETER 


UNIT | Vcc} WAVEFORMS 


—40 to +85 | —40 to +125 


propagation delay 
nA, nB to nY 


ns 4.5 Fig. 7 


output transition time ns 4.5 Fig. 7 
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PC74HC/HCT32 
SSI 


AC WAVEFORMS 


nA,nB INPUT 


nY OUTPUT 


7Z90991 


Fig. 7 Waveforms showing the input (nA, nB) to 
output (nY) propagation delays and the output 
transition times. 
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Note to AC waveforms 
(1) HC : Vpq = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; Vy = GND to 3V. 


DEVELOPMENT DATA aaenenas 


This data sheet contains advance information and 
MSI 


specifications are subject to change without notice. 


BCD TO DECIMAL DECODER (1-OF-10) 


FEATURES TYPICAL 
@ Mutually exclusive outputs SYMBOL | PARAMETER 
® 1-of-8 demultiplexing capability 
® Outputs disabled for input codes . 

‘ : propagation delay 

above nine HA t0.nY 

@ Output capability: standard 
® Icc category: MSI input capacitance 
GENERAL DESCRIPTION GND = 0 V; Tamb = 25 °C ty = tf = 6 ns 
The 74HC/HCT42 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky ORDERING INFORMATION/PACKAGE OUTLINES 
TTL (LSTTL). They are specified in PC74HC/HCT42P: 16-lead DIL; plastic (SOT-38Z). 
compliance with JEDEC standard no. 7. PC74HC/HCT42T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


The 74HC/HCT42 decoders accept 
four active HIGH BCD inputs and provide 
10 mutually exclusive active LOW outputs. 


The active LOW outputs facilitate PIN DESCRIPTION 

addressing other MS! circuits with active 

LOW input enables. : SYMBOL NAME AND FUNCTION 
The logic design of the ‘’42”’ ensures that 


all outputs are HIGH when binary codes multiplexer outputs 
greater than nine are applied to the inputs. 
ground (0 V) 


The most significant input (A3) produces 


a useful inhibit function when the ‘’42”' is 15, 14, 13, 12 data inputs 

used as a 1-of-8 decoder. The Ag input can 16 positive supply voltage 
also be used as the data input in an 

8-output demultiplexer application. 


FUNCTION TABLE 


OUTPUTS 


“ 
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H = HIGH voltage level 
L = LOW voltage level 


Fig. 1 Pin configuration. 


January 1986 223 


DEVELOPMENT DATA 


This data sheet contains advance information and PC74HC58 
specifications are subject to change without notice. 


SSI 


DUAL AND-OR GATE 


FEATURES TYPICAL 
@ Output capability: standard SYMBOL PARAMETER CONDITIONS UNIT 


® Icc category: SSI 


propagation delay Cy = 15 pF 
GENERAL DESCRIPTION In, 2n to nY Vec=5V 


The 74HC58 is a high-speed 


Si-gate CMOS device and is pin input capacitance 

compatible with low power Schottky 

TTL (LSTTL). It is specified in power dissipation eee ere 
compliance with JEDEC standard no. 7. Capacitance per gate 


The ‘’58”’ provides two sections of eer: ee er eres 
AND-OR gates. One section contains GND = 0 V; Tamb = 25 C; tr = tf = 6 ns 
a 2-wide, 3-input (1A to 1F) AND-OR Notes 

gate and the second section contains : : ' ea oS : : 
a 2-wide, 2-input (2A to 2D) AND-OR 1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
gate. Pp =Cpp x Vcc? x fj + = (CL x VCC? x fo) where: 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
x (Cy x Vec? x fg) = sum of outputs 

2. For HC thecondition is Vj = GND to Vcc 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC58P: 14-lead DIL; plastic (SOT-27). 
PC74HC58T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 
/PINNO. | SYMBOL NAME AND FUNCTION 
data inputs 


1, 12, 13, 9, 
10, 11 


2,3, 4,5 
8,6 

a 
14 


1A to 1F 


2A to 2D 
1Y,2Y 
GND 


Vcc 


data inputs 

data outputs 

ground (0 V) 

positive sypply voltage 


IN 
PROGRESS 


7293940 7293941 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT73 
flip-flops 


DUAL JK FLIP-FLOP WITH RESET; NEGATIVE-EDGE TRIGGER 


FEATURES 


@® Output capability: standard 
© icc, category: flip-flops 


GENERAL DESCRIPTION 


The 74HC/HCT73 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT73 are dual negative- 
edge triggered JK-type flip-flops —__ 
featuring individual J, K, clock (nCP) 
and reset (nR) inputs; also complementary 
Q and QO outputs. 


The J and K inputs must be stable one 
set-up time prior to the HIGH-to-LOW 


clock transition for predictable operation. 


The reset (nR) is an asynchronous active 
LOW input. When LOW, it overrides the 
clock and data inputs, forcing the Q 
output LOW and the © output HIGH. 


Schmitt-trigger action in the clock input 
makes the circuit highly tolerant to 
slower clock rise and fall times. 


7293186 


Fig. 1 Pin configuration. 


January 1986 


TYPICAL 


propagation delay | : no 
tPHL/ nCP to nQ 
tPLH nCPtonQ _ = | 
nR to nQ, nQ = 


maximum clock frequency 
input capacitance ana 3.5 


power dissipation 0 


GND =0 V; Tamb = 25 °C: ty = tf = 6 ns 


CONDITIONS 


Notes 
1. Cpp is used to determine the dynamic power-dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + = (CL x Vcc? x fo) where: 
fj = input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
2 (Cy x Vcc? x fg) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT73P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT73T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


/PINNO, SYMBOL NAME AND FUNCTION 


1CP, 2CP clock input (LOW-to-HIGH, edge-triggered) 
1R, 2R asynchronous reset inputs (active LOW) 
Vcc positive supply voltage 

GND ground (0 V) 

10, 20 true flip-flop outputs 

10, 20 complement flip-flop outputs 

1J, 2J, 1K, 2K synchronous inputs; flip-flops 1 and 2 


7293187 
7Z293188.1. 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 


PC74HC/HCT73 
flip-flops 


Dual JK flip-flop with reset; negative-edge trigger 


7293189 


Fig. 4 Functional diagram. 


H = HIGH voltage level 
OPERATING MODE INPUTS OUTPUTS h = HIGH voltage level one set-up time prior 


aR nce to the LOW-to-HIGH CP transition 
L. = LOW voltage level 


| = LOW voltage level one set-up time prior 


seynenronousitiese n to the LOW-to-HIGH CP transition 

toggle q = lower case letters indicate the State of the 

load “0” (reset) referenced output one set-up time prior 
aan to the LOW-to-HIGH CP transition 

oad (set) # X = don’t care 

pola” ne chabge 4 = HIGH-to-LOW CP transition 


al 


7293190 


Fig. 5 Logic diagram (one flip-flop). 
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PC74HC/HCT73 
flip-flops 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section “Family specifications’. 


Output capability: standard 
Icc category: flip-flops 


AC CHARACTERISTICS FOR 74HC 
GND =0 V; ty = te = 6 ns; C, = 50 pF 


< 
ne) 


Tamb (°C) TEST CONDITIONS 
SYMBOL | PARAMETER Vcc | WAVEFORMS 
—4 Vv 
2.0 
4.5 ig. 
6.0 


propagation delay 
nCP to nQ 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 


propagation delay 
nCP to nQ 


=3-0 |anuo {a 
bhoOO |noan 


propagation delay 
nR to nQ, nQ 


— = 
pn 


output transition time 


clock pulse width 
HIGH or LOW 


reset pulse width 
HIGH or LOW 


removal time 
nR to nCP 


set-up time —__ 
nJ, nK to nCP 


holdtime —_- 
nJ, nK to nCP 


maximum 
maximum clock pulse 
frequency 
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PC74HC/HCT73 
flip-flops 


Dual JK flip-flop with reset; negative-edge trigger 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘’Family specifications’. 


Output capability: standard 
Icc category: flip-flops 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 


AC CHARACTERISTICS FOR 74HCT 
GND =OV;t, = t¢=6ns; CL = 50 pF 


Tenn (CC) TEST CONDITIONS 
74 HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 | --40to +125 Vv 


tpHL/ propagation delay 


tPLH nCP to nQ 


tpH/ propagation delay 
tPLH nCP to nO 

tpHL/ propagation delay 
tPLH nR to nQ, nQ 
tTHL/ output transition time 
tTLH 


clock pulse width 
tw HIGH or LOW 23 


reset pulse width 
HIGH or LOW 


t 


removal time 
nR to nCP 


set-up time —__ 
nJ, nk to nCP 
holdtime —__ 
nJ, nK to nCP 


; maximum clock pulse 
max frequency 


trem 


t 


ns 4.5 Fig. 6 


su 
th 


22 18 MHz | 4.5 Fig. 6 


NO ol = 
pf ol 
Oo) 
ico 
on 
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PC74HC/HCT73 
flip-flops 


AC WAVEFORMS 


nj, nK INPUT 
nCP INPUT Vag? 
ia PRES Fig. 6 Waveforms showing the clock (nCP) to 
output (nO, nQ) propagation delays, the clock 
nQ OUTPUT pulse width, the J and K to nCP set-up and 
hold times, the output transition times and 
el be try Sl ihate, the maximum clock pulse frequency. 
nQ OUTPUT Vill? Note to Fig. 6 
The shaded areas indicate when the input is 
; ; permitted to change for predictable output 
ell ietriy el iete ETHL rf 
7293191.1 ~~) tery he el tpy, pertormance, 


nR INPUT 
nQ OUTPUT 


nQ OUTPUT 
7293192 


Fig. 7 Waveforms showing the reset (nR) input Note to AC waveforms 
to output (nQ, nQ) propagation delays and the (1) HC: Viy = 50%; V) = GND to Vcc. 


reset pulse width. HCT: Vy = 1.3V; Vj = GND to 3V. 
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PC74HC/HCT74 
flip-flops 


DUAL D-TYPE FLIP-FLOP WITH SET AND RESET; POSITIVE-EDGE TRIGGER 


FEATURES 


@ Output capability: standard 
® Icc category: flip-flops 


GENERAL DESCRIPTION 


The 74HC/HCT74 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT74 are dual positive- 
edge triggered, D-type flip-flops with 
individual data (D) inputs, clock (CP) 
inputs, set (Sp) arid reset (Rp) inputs; 
also complementary QO and Q outputs. 
The set and reset are asynchronous 
active LOW inputs and operate 
independently of the clock input. 
Information on the data input is 
transferred to the Q output on the LOW- 
to-HIGH transition of the clock pulse. 
The D inputs must be stable one set-up 
time prior to the LOW-to-HIGH clock 
transition for predictable operation. 


Schmitt-trigger action in the clock input 
makes the circuit highly tolerant to 
slower clock rise and fall times. 


7Z93116 


Fig. 1 Pin configuration. 


| TYPICAL | 
PARAMETER CONDITIONS | 
propagation delay 
tpHL/ nCP to nQ, nO 15 
tPLH n§p to nQ, nO 
nRp tonQ,nQ 


14 
15 i 
16 
maximum clock frequency ff 


w 


ae —— ak I 
power dissipation 


GND = 0 V; Tamb = 25 °C; ty = tf a 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x Vcc? x fo) where: 


output load capacitance in pF 
supply voltage in V 


fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
= (Ci x Vec? x fg) = sum of outputs 

2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT74P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT74T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


FPINNO. SYMBOL NAME AND FUNCTION 


asynchronous reset-direct input (active LOW) 


data inputs 
clock input (LOW-to-HIGH, edge-triggered) 
asynchronous set-direct input (active LOW) 


true flip-flop outputs 
complement flip-flop outputs 
ground (0 V) 

positive supply voltage 


7Z93117 
72Z93118.1 


Fig. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 
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PC74HC/HCT74 
flip-flops 


FUNCTION TABLE 


OUTPUTS 


HIGH voltage level 

LOW voltage level 

don’t care 

LOW-to-HIGH CP transition 

state after the next LOW-to-HIGH CP transition 


7293119 


tou ow tl 


ig. 4 Functional diagram. 


7293120.1 


Fig. 5 Logic diagram (one flip-flop). 
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Dual D-type flip-flop with set and reset; positive-edge trigger 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’ 


Output capability: standard 
Icc category: flip-flops 


AC CHARACTERISTICS FOR 74HC 
GND =OV;t, = t¢=6ns; Cy = 50 pF 


PC74HC/HCT74 
flip-flops 


, section ‘Family specifications’. 


Tamb (°C) 


74HC 


5 —40 to +85 | —40to +125 


PARAMETER 


SYMBOL 


_mi | ty. | max. | min.| max. | min. | ma. 
: 47 175 265 
tpHL/ propagation delay 17. 135 53 
tPLH nCP to nQ, nQ 14. | 30 45 
50 | 200 300 
tpHiL/ propagation delay 18 | 40 60 
tPLH nSp to nd, nO 14 34 51 
; 52 | 200 300 
tpHt/ propagation delay 19 | 40 60 
tPLH nRp to nQ, nQ 15 | 34 54 
/ 19 75 110 
'THL output transition time 7 15 19 22 
'TLH 6 |13 16 19 
; 80 | 19 100 120 
clock pulse width 
tw 16 |7 20 24 
we HIGH or LOW 14/6 17 90 
80 | 19 100 120 
set or reset pulse width 7 4 
‘ 40 45 
removal time 3 9 
trem set or reset 7 8 
set-up time 7 he oe 
t : 12 2 15 18 
AD tone 10 |2 13 15 
3 3 
th hold time : 3 3 
nCP to nD 3 3 3 
ienuirneloak pulse 6.0 | 23 48 4.0 
maximu 
fmax fraauieney 30 | 69 24 20 
35 | 82 28 24 


TEST CONDITIONS 


UNIT nee WAVEFORMS 


ns ie 
6.0 
2.0 
ns 4.5 
6.0 
2.0 
ns 4.5 
6.0 
2.0 
ns 4.5 Fig. 6 
6.0 
2.0 
ns 4.5 Fig. 6 
6.0 


S 
n 


* 
” 


MHz 
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PC74HC/HCT74 
flip-flops 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’’. 


, 


Output capability: standard 
Icc category: flip-flops 


Note to HCT types 


The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications. 
To determine Alcc¢ per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; ty = te = 6 ns; Cy = 50 pF 


Tan CC} TEST CONDITIONS 


74HCT 
UNIT | Vcc| WAVEFORMS 


Vv 
5 


SYMBOL | PARAMETER 
—40 to +85 | —40to+125 


propagation delay 


tPpHL/ aI 
nCP to nQ, nO 


tPLH 


4 


BL 
2 
rep) 


+ 
N 
or 


tpH_/ propagation delay 
tPLH nSp to nQ, nQ 


tpHL/ propagation delay 
nRp to nQ, nQ 


output transition time 


a 
= 
~N 


> > 
-~ + 


S 
RR 
qn 

© 
N 


—_ 
te) 
a 

rs 
op) 


ect ct ot 
4-4 n°) 
co [—~ 
SE. ek 
~~ 
= Ww Ww Ww 


aad 
3 


clock pulse width 
HIGH or LOW 


S 
n 
a 
a 
NN 


NO on o1 o1 
7) 


set or reset pulse width 
H!GH or LOW 


removal time 
set or reset 


= No 
o1 © 


jee) 


t set-up time 
su nD to nCP 


a 
a 
rep) 


o1 = ~N NO No = ps 
> > > > > > > : 
o Oo on on on on on 

mm 

od 

o 


hold time 
nCP to nD 


maximum clock putse 
max frequency 


= = = 
Ww = NO NO 


on 
” 


<= 
as 
N 
> - 
Oo o 


oh fond 
Ge 

oO 1 

> wo 
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PC74HC/HCT74 
flip-flops 


Dual D-type flip-flop with set and reset; positive-edge trigger 


AC WAVEFORMS 


Y Y ; V/, 
nD INPUT Yj Yn Y Uy Yi 
soy | coe 


<—_____—__ 1/f 


max 


nCP INPUT Vy? } 
| Fig. 6 Waveforms showing the clock (nCP) to 


SS ya output (nQ, nQ) propagation delays, the clock 


—~| t ~— —»| t + : 
bis Sue pulse width, the nD to nCP set-up, the nCP to nD 
ie hold times, the output transition times and the 
Pere | VN maximum clock pulse frequency. 
a ™® I THL el le trey Note to Fig. 6 


The shaded areas indicate when the input Is 
permitted to change for predictable output 
performance. 


nQ OUTPUT 


7Z93122.1 


nSp INPUT 


nRp INPUT 


nQ OUTPUT 


Fig. 7 Waveforms showing the set and reset input 
nd OUTPUT | to output (nO, nQ) propagation delays and the 


set and reset pulse width. 
7293121 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; V} = GND to 3V. 
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PC74HC/HCT75 
MSI 


QUAD BISTABLE TRANSPARENT LATCH 


FEATURES ce 
© Complementary Q and Q outputs SYMBOL | PARAMETER CONDITIONS 
® Vcc and GND on the centre pins 
@ Output capability: standard oa 
@ ‘Icc category: MSI propagation delay 

cc ee Dn to Qn, On _ 

LE,.,j to On, 0 

GENERAL DESCRIPTION Lela eh 
The 74HC/HCT75 are high-speed input capacitance 
Si-gate CMOS devices and are pin koe 
compatible with low power Schottky power dissipation ee er 
TTL (LSTTL). They are specified in capacitance per latch 
compliance with JEDEC standard no. 7. 3 
The 74HC/HCT75 have four bistable GND = OV; Tamb = 25 Crt =t¢ = Ons 
latches. The two latches are simultaneously 
controlled by one of two active HIGH Notes 
enable inputs (LE4.9 and LE3.4). 1. CPD is used to determine the dynamic power dissipation (Pp in uW): 
When LEpy.p is HIGH, the data enters the a 2 OF 2 . 
latches and appears at the nO outputs. PD ; CPD x VCC xn + (CL x VCC? x fo) where: 
The nQ outputs follow the data inputs fj = input frequency in MHz CL = output load capacitance in pF 
(nD) as long as LEy., is HIGH fo = output frequency in MHz VCC = supply voltage in V 
(transparent). The data on the nD inputs x (Cy x Vec? x fo) = sum of outputs 
one set-up time prior to the 2. For HC the condition is Vj] = GND to Vcc 
HIGH-to-LOW transition of the LEn., For HCT the condition is Vj = GND to Vcc — 1.5 V 


will be stored in the latches. The latched 


GUEpUTS retnalinstablers long 3s te ORDERING INFORMATION/PACKAGE OUTLINES 
LEn-n is LOW. 


PC74HC/HCT75P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT75T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


1,14, 11,8 10 to 40 complementary latch outputs 

2, 3,6, 7 1D to 4D data inputs 

4 LE3.4 latch enable input, latches 3 and 4 
(active HIGH) 

5 Vcc | positive supply voltage 

12 GND ground (0 V) 

13 LEq.9 latch enable input, latches 1 and 2 
(active HIGH) 

16, 15, 10, 9 latch outputs 


7293146 


7Z93145 7293147 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. IEC logic symbol. 


serrtnceaian 


236 January 1986 


Quad bistable transparent latch 


FUNCTION TABLE 


INPUTS OUTPUTS 
OPERATING MODES 


data enabled 


data latched 


H = HIGH voltage level 

L = LOW voltage level 

q = lower case letters indicate the state of the 
referenced output one set-up time prior 
to the LOW-to-HIGH LEpy.p transition 

X = don’t care 


7293148 


Fig. 4 Functional diagram. 


7Z93149.1 


Fig. 5 Logic diagram. 


PC74HC/HCT75 
MSI 


January 1986 
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PC74HC/HCT75 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘’HCMOS family characteristics”, section “Family specifications’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; t, = tp = 6ns;C, = 50 pF 


TEST CONDITIONS 


SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS 


+25 —40 to +85 


= 
2 
3 
Ss 
8 


. s s . s e e OPN 
¢ r ono 


it 
® 
x 


F 110 140 165 2.0 
tpHL/ propagation delay 29 28 33 45 Fig. 6 
*PLH aD tong 19 28 6.0 


propagation delay 


nD to nO 4.5 Fig. 7 


propagation delay 


Fig. 
LEp-n tond ie 


39 
propagation delay 125 


tPLH LEp-n to nQ 


Fig. 8 


110 2.0 
22 4.5 Figs 6 and 7 
19 : 


Fig. 8 


WwW = 
= © 

ro) 

Oe! Se TY 
ono 


output transition time 


— — () 
© NN 
ND — NO NO 
ers of 


— = ©& 
OO 
On 
» © 
-— = SI NO NO 
— NO 
“NO 


enable pulse width 


24 
150 
30 
26 
150 
30 
26 
155 
31 
26 
4 7 


HIGH 
60 | 14 75 
set-up time 12 | 5 15 Fig. 9 
3 —8 3 
hold time 3 —3 3 Fig. 9 
nD to LEn-py 3 _9 3 


PC74HC/HCT75 
MSI 


Quad bistable transparent latch 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 

coefficient 
nD 0.75 
LEn-n 1.00 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t, = t¢ = 6 ns; Cy = 50 pF 


TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS 
2 oto 125 : 
rin | tye | maxe| min] max] min | mex. 
4.5 


tpHL/ propagation delay Fig. G 


propagation delay 


LEn-p to nd 


set-up time Fig. 9 

nD to LEp-y Ss pel 
hold time _ Fig. 9 

nD to LEy.p, ee} fa. an 
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PC74HC/HCT75 
MSI 


AC WAVEFORMS 


nD iNPUT nD INPUT 


nQ OUTPUT nQ OUTPUT 


t t 
7293150 7293151 THLE! Ie et ht" TLH 


Fig. 6 Waveforms showing the data input (nD) to Fig. 7 Waveforms showing the data input (nD) to 
output (nQ) propagation delays and the output output (nQ) propagation delays and the output 
transition times. transition times. 


nD INPUT 
nD INPUT 


LE nop INPUT 
LEp.p INPUT 


nQ OUTPUT 


7293153 


nQ OUTPUT 


Fig. 9 Waveforms showing the data set-up and 
hold times for nD input to LEp.p7 input. 


7293152 


Note to Fig. 9 


The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 


Fig. 8 Waveforms showing the latch enable input 
(LEn-n) pulse width, the latch enable input to 
outputs (nQ, nQ) propagation delays and the 
output transition times. 


Note to AC waveforms 
(1) HC : Viq = 50%; V, = GND to Vcc. 
HCT: Vy = 1.3V; Vj =GND to 3V. 
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PC74HC/HCT85 
MSI 


4-BIT MAGNITUDE COMPARATOR 


FEATURES 


® Serial or parallel expansion without 
extra gating 

® Magnitude comparison of any binary 
words 

® Output capability: standard 

® Ic¢ category: MSI 


GENERAL DESCRIPTION 

The 74HC/HCT85 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCTS85 are 4-bit magnitude 
comparators that can be expanded to 
almost any length. They perform 
comparison of two 4-bit binary, BCD or 
other monotonic codes and present the 
three possible magnitude results at the 
outputs (OQA>B, QA=B and Onc). 
The 4-bit inputs are weighted (Ao to A3 
and Bo to B3), where A3 and B3 are the 
most significant bits. 


The operation of the ‘’85”’ is described in 
the function table, showing all possible 
logic conditions. The upper part of the 
table describes the normal operation 
under all conditions that will occur in a 
single device or in a series expansion 
scheme. In the upper part of the table 
the three outputs are mutually exclusive. 
In the lower part of the table, the outputs 
reflect the feed forward conditions that 
exist in the parallel expansion scheme. 


For proper compare operation the 
expander inputs (IA>B, |A=B and |A<p) 
to the least significant position must be 
connected as follows: |A<B = !A>p = 

= LOW and | A=RB = HIGH. 

For words greater than 4-bits, units can be 
cascaded by connecting outputs OA<B, 
QA>B and Q,sp to the corresponding 
inputs of the significant comparator. 


7293221 


Fig. 1 Pin configuration. 


TYPICAL 


SYMBOL PARAMETER 


CONDITIONS 


propagation delay 
An, Bn to QA>B, QA<B 
An, Bh to Op=B 
IA<B, |A=B, |A>B to 
QA<B, QA>B 
|A=B to OA=B 


tpHL/ 
tPLH 


input Capacitance 


power dissipation 
Capacitance per package 


notes 1 and 2 


GND =0 V; Tamb = 25 °C; tp =t¢ =6ns 
Notes 


1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x Vcc’ x fi + 2 (CL. x Vcc? x fo) where: 
fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
x (Cy x Vcc? x fg) = sum of outputs 
2. For HC thecondition is V} = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


Wool 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT85P: 16-lead DIL; plastic (SOT-382Z). 
PC74HC/HCT85T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


PIN NO. SYMBOL | NAME AND FUNCTION 
2 IA<B A < B expansion input 

3 lA=B A = B8 expansion input 

4 lIA>B A > B expansion input 

5 OA>B A > B output 

6 OA=B A=B output 

7 OA<B A <B output 

8 GND ground (0 V) 

O71 Tay; Bg to B3 word B inputs 


word A inputs 
positive supply voltage 


10,12, 13,15 Ag to Ag 
16 ‘| vee 


7293222 


7293223 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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~PC74HC/HCT85 
MSI | 


APPLICATIONS 


@ Process controllers 
@ Servo-motor control 


7293224 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


COMPARING INPUTS CASCADING INPUTS OUTPUTS 


et or irrtre f 


H =HIGH voltage level 
L =LOW voltage level 
X =don’t care 


x KKK KKK 
Z Cini 


wn 


ream | oer 
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- 
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- 
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O 
<= 
wv 
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S) 
Oo. 


4-bit magnitude comparator 


MSI 


ne: 


| HD Qa=8 


We alleen 


arte 


an 


Cot care lo 


Fig. 5 Logic diagram. 
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PC74HC/HCT85 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV; t, = t= 6 ns; Cy = 50 pF 


TEST CONDITIONS 


245 295 2.0 
23 | 39 49 59 4.5 Fig. 6 
18 | 33 42 50 6.0 
50 | 175 220 265 2.0 
18 | 35 44 53 4.5 Fig. 6 
14 | 30 37 45 6.0 
: 


SYMBOL | PARAMETER 


propagation delay 
An, Bn to Qa>p or Oncp 


propagation delay 
An, Bn to Qpa=B 

propagation delay 
|A<B |A=B. [A>B to 


On<p, Qa>B 
= 
propagation delay Fig. 6 
la=p to Op-p 


tTHL/ 


output transition time 
'TLH 
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4-bit magnitude comparator PC74HC/HCT85 
MSI 


sanrvaaens 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND =0 V;t, = t¢ = 6 ns; CL = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS 
+25 —40 to +85 | 40 to +125 V 
typ. | max. max. | min. | max. 
tpHL/ propagation delay 
tPLH An, Bn to Qasp or Qacp 21 | 37 46 56 ns 4.5 Fig. 6 
tpHi/ propagation delay : 
tpi An, Br to On-B 23 | 40 50 60 ns 4.5 Fig. 6 


: / propagation delay 
PHL la<p, |a=B, !A>p to 18 | 31 39 47 | ns 45 | Fig.6 


t 
PLH Qa<B, Qa>B L 


tpHL/ propagation delay 
la=B to Qa_p TE 31 39 47 ns 4.5 Fig. 6 


: _ a SRR ae ee orn eae es 


tTHL/ output transition time 7 15 19 22 ns 4.5 Fig. 6 
tTLH 
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PC74HC/HCT85 
MSi 


AC WAVEFORMS 


Q, OUTPUT 


7293226 —tToH 


Fig. 6 Waveforms showing the word A inputs 
(Ap), word B inputs (By) and expansion inputs 
(In) to the outputs (Q,,) propagation delays and 
the output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vj = GND to Vcc. 
HCT: Vy =1.3V; Vy = GND to 3V. 


246 April 1985 


PC74HC/HCT86 
SSI 


QUAD 2-INPUT EXCLUSIVE—OR GATE 


FEATURES 


@® Output capability: standard 
© Icc category: SSI 


GENERAL DESCRIPTION 


The 74HC/HCT86 are high-speed Si-gate 
CMOS devices and are pin compatible with 
low power Schottky TTL (LSTTL). They 
are specified in compliance with JEDEC 
standard no. 7. 

The 74HC/HCTS86 provide the 
EXCLUSIVE—OR function. 


72Z87409.1 


Fig. 1 Pin configuration. 


[ TYPICAL Tene 
CONDITIONS +—--~—-7-----4 UNIT 


HC HCT 


SYMBOL PARAMETER 


propagation delay 


tPLH nA, nB to nY 


input capacitance 


power dissipation notes 1 and 2 30 30 pF 
capacitance per gate | ae | 


GND = 0 V; Tamb = 25 C; ty = tf = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + © (CL x VEC? x fo) where: 
fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz Vcc = supply voltage in V 
x (Ci x Vcc? x fo) = sum of outputs 
2. For HC thecondition is Vj =GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT86P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT86T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


1,4, 9, 12 1A to 4A data inputs 

2,5, 10, 13 1B to 4B data inputs 

3, 6, 8, 11 1Y to 4Y data outputs 

7 GND ground (0 V) 

14 Vec positive supply voltage 


7287490 


7287410.1 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 


January 1986 


247 


PC74HC/HCT86 
SSi 


7287474 


7Z87410.1 


Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate). 


FUNCTION TABLE 


H = HIGH voltage level 
L = LOW voltage level 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: standard 
Icc category: SSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; t, = te = 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 


PARAMETER 


propagation delay 
nA, nB to nY 


output transition time as 
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Quad 2-input EXCLUSIVE-OR gate PC74HC/HCT86 
SSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: SSI 


Note to HCT types 


The value of additional quiescent supply current (A lcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc¢ per input, multiply this value by the unit load coefficient shown in the table below. 


. unit load 
ame fe 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t, = te = 6 ns; Cy = 50 pF 


SYMBOL | PARAMETER 


tpHi/ propagation delay 
tPLH nA, nB to nY 
tTHL/ output transition time 
tTLH 
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PC74HC/HCT86 
ssi 


AC WAVEFORMS 


nA, nB INPUT 


n¥Y OUTPUT 


7Z96092 


Fig. 6 Waveforms showing the input (nA, nB) to Note to AC waveforms 
output (nY) propagation delays and the output (1) HC: Vy = 50%; Vj = GND to Vec 
- = 0; = . 


transition times. 
HCT: Vy =1.3V; Vj = GND to 3V. 


250 January 1986 


PC74HC/HCT93 
MsI 


4-BIT BINARY RIPPLE COUNTER 


FEATURES TYPICAL 
® Various counting modes SYMBOL PARAMETER CONDITIONS UNIT 


Asynchronous master reset 


Output capability: standard tpyL/ propagation delay 
Icc category: MSI tPLH CP to Ag Cy = 15 pF 12 2 


Voc =5V 


The 74HC/HCT93 are high-speed 


Si-gate CMOS devices and are pin Cy Input capacitance 3.5 3.5 
compatible with low power Schottky aes 

TTL (LSTTL). They are specified in Cpp power dissipation iotes tand 2 29 22 
compliance with JEDEC standard no. 7. capacitance per package 

The 74HC/HCTQ3 are 4-bit binary GND =0 V; Tamb = 25 °C; ty = te = 6 ns 

ripple counters. The devices consist of 

four master-slave flip-flops internally Notes 

connected to provide a divide-by-two 1. Cpp is used to determine the dynamic power dissipation (Pp in nW): 


section and a divide-by-eight section. 


= eta ? x fo) where: 
Each section has a separate clock input ED —CPDX. VCC” xT e 2 CL x VCC x to) where 


(CPg and CP}) to initiate state changes fj = input frequency in MHz CL = output load capacitance in pF 
of the counter on the HIGH-to-LOW clock fo = output frequency in MHz VCC = supply voltage in V 
transition. State changes of the Q, outputs x (Cy x Voc? x fo) = sum of outputs 


NO 


do not occur simultaneously because of . For HC thecondition is Vj} = GND to Vcc 

internal ripple delays. Therefore, decoded For HCT the condition is Vj = GND to Vcc — 1.5 V 

Output signals are subject to decoding 

spikes and should not be used for clocks ORDERING INFORMATION/PACKAGE OUTLINES 

or strobes. PC74HC/HCT93P: 14-lead DIL; plastic (SOT-27). 

A gated AND asynchronous master reset PC74HC/HCT93T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


(MR and MR9) is provided which 
overrides both clocks and resets (clears) PIN DESCRIPTION 


all flip-flops. 
Since the output from the divide-by-two /PINNO. SYMBOL NAME AND FUNCTION 


clock input 294 3°d and 4th section 
(HIGH-to-LOW, edge-triggered) 


section is not internally connected to the 
succeeding stages, the device may be 
operated in various counting modes. 


In a 4-bit ripple counter the output Qo asynchronous master reset (active HIGH) 
must be connected externally to input cc. not connected 
CP 1. The input count pulses are applied cia coed ates cas 
to clock input CPg. Simultaneous frequency pOshiwe Sate g 
divisions of 2, 4, 8 and 16 are performed at 10 ground (0 V) 
the Qo, Q1, Q2 and Q3 outputs as shown 12,9, 8, 11 flip-flop outputs 
in the function table. As a 3-bit ripple clock input 18t section (HIGH-to-LOW, 
counter the input count pulses are applied 14 . 
; —— edge-triggered) 
to input CP. 


Simultaneous frequency divisions of 2, 4 
and 8 are available at the Q1, Qo and Q3 
outputs. Independent use of the first 
flip-flop is available if the reset function 
coincides with reset of the 3-bit 
ripple-through counter. 


7293821 


7293820 7293822 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT93 
MSI 


FUNCTION TABLE 


OUTPUTS 


el eee Se 
oa es 


7Z93823 


NOOO WNHN—-O 


pe age OG aaa oe 


Fig. 4 Functional diagram. 


rel Barer  faeaoer 
Trrrt rere Tr z rime Ee 
Ler Der rece ree Ee 


L 
L 
H 
H 
L 
L 
H 
H 


\V) 


7293824 93 


Fig. 5 Logic diagram. 


Note to function table 
Output Og connected to CP}. 


H = HIGH voltage level 
L = LOW voltage level 
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4-bit binary ripple counter PC74HC/HCT93 
MSI 


DC CHARACTERISTICS FOR 74 HC 
For the DC characteristics see chapter ‘-HCMOS family characteristics’, section ‘Family specifications”’. 


Output capability: standard 
lcc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND = OV; ty = tp = 6 ns; Cy = 50 pF 


TEST CONDITIONS 


SYMBOL |} PARAMETER Vcc | WAVEFORMS 
Vv 
min. 
propagation delay 
CPq to Qg 
propagation delay 
CP, to Q4 
A 
tpHL/ propagation delay 
tpLH CP, to Q2 
eeenrer eee ernrness | i 
tpHL/ propagation delay 
tpLH CP, to Q3 
propagation delay 
"PHL MR, to Q,, 
tTHL/ Output transition time 
'TLH 
+ 
. 50 
t removal time —__ 10 
rem MR,y to CPo, CP4 9 
tw pulse width fe 
CP, CP 14 
= aes 
; 80 
master reset pulse width 
tw MR 16 
i 14 
maximum clock pulse 


frequency 4.5 Fig. 6 


fmax pe bide 
CPg, CP 1 
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PC74HC/HCT93 
Ms! 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘“HCMOS family characteristics’, section ‘Family specifications”. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT | COEFFICIENT 
CP, CP, | 0.60 
MR, 0.40 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; ty = t¢ = 6 ns; CL = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
typ. 


tpHi/ propagation delay 
tpLy CPo to Qg 
tpH/ propagation delay 
tPLH CP, to Q4 
tpyt/ propagation delay 
tpHi/ propagation delay 30 
tPLH CP} to O3 
7 


Fig. 6 


propagation delay 33 
‘PHL MR, to Q, 


removal time 
MRp to CP, CPy 


an 
© 
~“ 


maximum clock pulse 
frequency 
CPo, CP 


mn mn a 
é e | 6 
(o>) ~J Oo) 
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PC74HC/HCT93 
MSI 


4-bit binary ripple counter 


AC WAVEFORMS 


MR,, INPUT 


CP, INPUT 


CP, INPUT 


Q,, OUTPUT 


7293826 
Q, OUTPUT 


7293825 


Fig. 7 Waveforms showing the master reset (MRp)) 
pulse width, the master reset to output (Q,) 
propagation delays and the master reset to clock 
(CPA) removal time. 


Fig. 6 Waveforms showing the clock (CP,) to 
output (Q,,) propagation delays, the clock pulse 
width, output transition times and the maximum 
clock pulse frequency. 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vi = 1.3V; Vj = GND to 3V. 
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flip-flops 


DUAL JK FLIP-FLOP WITH RESET; NEGATIVE-EDGE TRIGGER 


FEATURES 


@ Output capability: standard 
® Icc category: flip-flops 


GENERAL DESCRIPTION 


The 74HC/HCT107 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT107 are dual negative- 
edge triggered JK-type flip-flops 
featuring individual J, K, clock (nCP) 

and reset (nR) inputs; also complementary 
Q and O outputs. 

The J and K inputs must be stable one 
set-up time prior to the HIGH-to-LOW 
clock transition for predictable operation. 
The reset (nR) is an asynchronous active 
LOW input. When LOV, it overrides the 
clock and data inputs, forcing the Q 
output LOW and the O output HIGH. 


Schmitt-trigger action in the clock input 
makes the circuit highly tolerant to 
slower clock rise and fall times. 


7293193 


Fig. 1 Pin configuration. 


PARAMETER 


propagation delay 
nCP to nQ 


SYMBOL 

tPHL/ CP to nQ 

tPLH nCPtonQ _ 
nR to nQ, nQ 


maximum clock frequency 
fer [nowencine | id 
P 


power dissipation 
capacitance per flip-flop 


GND = 0 V; Tamb = 25 °C; ty = tf = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x Vcc’ x fj + © (CL x Vcc? x fo) where: 

fj = input frequency in MHz CL = 
fo = output frequency in MHz Vcc = 
2 (Ci x Vcc? x fo) = sum of outputs 

2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is V} = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT107P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT107T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


1J, 2J, 1K, 2K 


NAME AND FUNCTION 


synchronous inputs; flip-flops 1 and 2 
complement flip-flop outputs 

true flip-flop outputs 

ground (0 V) 

clock input (LOW-to-HIGH, edge-triggered) 
asynchronous reset inputs (active LOW) 
positive supply voltage 


7293194 13 | 10 


7293220.1 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT107 


257 


PC74HC/HCT107 
flip-flops 


7293195 


Fig. 4 Functional diagram. 


H = HIGH voltage level 

h = HIGH voltage level one set-up time prior 
to the LOW-to-HIGH CP transition 

L = LOW voltage level 

1 = LOW voltage level one set-up time prior 
to the LOW-to-HIGH CP transition 

q = lower case letters indicate the state of the 
referenced output one set-up time prior 
to the LOW-to-HIGH CP transition 

X = don't care 

+ = HIGH-to-LOW CP transition 


asynchronous reset 


toggle 

load “0” (reset) 
load ‘1"" (set) 
hold “no change” 


7293190 


c 


Fig. 5 Logic diagram (one flip-flop). 
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PC74HC/HCT107 
flip-flops 


Dual JK flip-flop with reset; negative-edge trigger 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
icc category: flip-flops 


AC CHARACTERISTICS FOR 74HC 


GND =0 V; t, = t¢ = 6 ns; Cy = 50 pF 


SYMBOL | PARAMETER 


propagation delay 
nCP to nO 


TEST CONDITIONS 


WAVEFORMS 
V 


240 2.0 
48 ns 4.5 
41 6.0 
240 

48 

41 

235 

47 

40 

110 

22 

19 


Tamb (°C) 


74HC 


—40to+85 | —40to +125 


+ 
NO 
oO 


Cc 
= 
—| 


> 
io) 


propagation delay 
nCP to nQ 


propagation delay 15 


nR to nQ, nQ 


output transition time 


— — (FI 
01 © N 
No = 
NEN ® 

© 
WPHN 
hO® 

© 


6 13 


clock pulse width 


16 | 8 24 
reset pulse width Se is 
HIGH or LOW 14 /6 20 


removal time 
nR to nCP 


set-up time —_ 
nJ, nik to nCP 


a 


~~ 
io) 
© 
— NO 
© co 
W Ww 
Ww © 
_ — — (6 
o ooo 
© 


17 |8 26 
hold time —__ | 
nJ, nK to nCP 
22 4.0 
maximum clock pulse 67 20 
frequency 80 
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PC74HC/HCT107 |? apy epbe-av 
flip-flops 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter “‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: flip-flops 


Note to HCT types 


The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications. 
To determine Alcc¢ per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
input 
coefficient 


nJ, nk 0.35 
nR_ 0.35 
nCP 0.35 


AC CHARACTERISTICS FOR 74HCT 
GND =0 V; t, = t¢ = 6 ns; CL = 50 pF 


ae ee (°C) TEST CONDITIONS 


aT 


332 a 
ee : 

ens 
ed 
coc 
ee 
a ae 
A ee 
ee 
ae 


tpHL/ propagation delay 
tPLH nR to nQ, nO 


oO 
NO ~N 
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PC74HC/HCT107 
flip-flops 


Dual JK flip-flop with reset; negative-edge trigger 


AC WAVEFORMS 


¢ ond,nk INPUT 


nCP INPUT 
Fig. 6 Waveforms showing the clock (nCP) to 
output (nQ, nQ) propagation delays, the clock 

ee aca pulse width, the J and K to nCP set-up and 
hold times, the output transition times and 
the maximum clock pulse frequency. 

nQ@ OUTPUT Note to Fig. 6 


The shaded areas indicate when the input is 
permitted to change for predictable output 


7293191.) performance. 
nR INPUT 
nQ OUTPUT 
nQ OUTPUT 
7293192 
Fig. 7 Waveforms showing the reset (nR) input Note to AC waveforms 


to output (nQ, nO) propagation delays and the 


reset pulse width. (1) HC : Vy = 50%; V) = GND to Vcc. 


HCT: Vy =1.3V; Vj = GND to 3V. 
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flip-flops 


DUAL JK FLIP-FLOP WITH SET AND RESET; POSITIVE-EDGE TRIGGER 


FEATURES 


® J, K inputs for easy D-type flip-flop 
® Toggle flip-flop or “do nothing’ 
mode 


wae propagation delay 
rine se tad nCP to nQ, nO 
CC Category: Tlip-tlops nSp tonQ, nO 


nRp to nQ, nO 
GENERAL DESCRIPTION 


The 74HC/HCT 109 are high-speed 
Si-gate CMOS devices and are pin 

compatible with low power Schottky i i ae 
TTL (LSTTL). They are specified in == 

compliance with JEDEC standard no. 7. ( 20 arm 
The 74HC/HCT109 are dual positive- ; 

edge triggered, JK flip-flops with _ ; ee ee 

individual J, K inputs, clock (CP) inputs, GND =0V;Tamb = 25 C;t, =t¢=6ns 


set (Sp) and reset (Rp) i inputs; also Notes 

complementary Q and Q outputs. 1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 

The set and reset are asynchronous Pp =Cpp x Vcc? x fj + = (CL x VCC? x fo) where: 

active LOW inputs and operate fea F ia MH Ci) Berry ert anes iy OE 
independently of the clock input. j = input frequency in MHz L = output load capacitance in p 


fo = output frequency in MHz Vcc 
Z (CL x Vcc? x fg) = sum of outputs 
2. For HC the condition is Vj = GND to Vcc 


= supply voltage in V 
The J and K inputs control the 


state changes of the flip-flops as 
described in the mode select function 


fable For HCT the condition is Vj = GND to Vcc — 1.5 V 
The J and K inputs must be stable one 

set-up time une to the LOW-to-HIGH ORDERING INFORMATION/PACKAGE OUTLINES 
clock ep oneitlon for Plediciable operation. PC74HC/HCT109P: 16-lead DIL; plastic (SOT-38Z). 
D-type flip-flop by tying the J and K 

inputs together. 


PIN DESCRIPTION 


Schmitt-trigger action in the clock input == ee ey ee 

makes the circuit highly tolerant to /PINNO. | SYMBOL NAME AND FUNCTION 

slower clock rise and fall times. 
1,15 1Rp, 2Rp asynchronous reset-direct input (active LOW) 


TJ, 2J, 
2, 14, 3, 13 1K, 2K 


4,12 1CP, 2CP clock input (LOW-to-HIGH, edge-triggered) 


synchronous inputs; flip-flops 1 and 2 


5,11 18p, 2Sp asynchronous set-direct input (active LOW) 


6, 10 1Q, 20 true flip-flop outputs 

7,9 10, 20 complement flip-flop outputs 
8 GND ground (0 V) 

16 positive supply voltage 


7293132 


7293131 7293133.1 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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Dual JK flip-flop with set and reset; positive edge-trigger 


PC74HC/HCT 109 
flip-flops 


FUNCTION TABLE 


OUTPUTS 
OPERATING MODE 


asynchronous set 
asynchronous reset 
undetermined 


toggle 

load ‘’0’’ (reset) 
load ‘‘1’’ (set) 
hold “‘no change” 


HIGH voltage level 

HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 

LOW voltage level 

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 

lower case letters indicate the state of the referenced output one set-up time prior 
to the LOW-to-HIGH CP transition 

don’t care 

LOW-to-HIGH CP transition 


7293134 


Wo db ou 


Fig. 4 Functional diagram. 


-x ArTrsT 


7293135 


Fig. 5 Logic diagram (one flip-flop). 
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PC74HC/HCT109 
flip-flops 


DC CHARACTERISTICS FOR 74HC 
' For the DC characteristics see chapter ‘“‘“HCMOS family characteristics’, section ‘‘Family specifications”. 


Tamb (°C) TEST CONDITIONS 
74HC 
- UNIT 
+25 —40 to+85 | —40to +125 
typ. 


WAVEFORMS 
Vv 


265 2.0 

53 4.5 | Fig.6 
45 6.0 

180 

36 

31 

47 

40 


| Output capability: standard 
Icc category: flip-flops 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; ty = tf = 6 ns; Cy = 50 pF 


-.. | SYMBOL 


PARAMETER 


NO 


‘propagation delay 


nCP to nQ, nO 44 


WNW 
oun~ 
a A 


Ww 
~~“ 


30 | 120 


W— 
oO ol 
io) 


propagation delay 
nSp to nd 


N 
o 


| 
235 : 
; Fig. 7 


propagation delay 195 


nSp to nd 


propagation delay 230 


nRp tonQ 


QOL 
oD 


propagation delay 215 


nRp to nd 


—_— = G) = = -—- = oOo — — — CI 
—- AO Nya N ol = &0OO 
NN 
of 


output transition time 


Nw> 
aon 
ol 
WW 
wo 


100 120 


clock pulse width 
HIGH or LOW 


— NO 
~ oO 
NO 
aS 


20 


set or reset pulse width 120 


HIGH or LOW 


— — 00 — — 00 
oO ko oO 
o 


20 


a? 105 
removal time 


nSp, nRp to nCP 


NO 
—_ 


12 18 


= SJ 
bo 
on > 

© 
— — (O 
o1 co © 


105 


set-up time 
nJ, nK to nCP 


= NO 
Co —_ 


—_ md %] 
Nf © 
an— wonao— 
| ba 
— — (O —_ A) <= 
owe © NOOO 
© 
— — (9 Wop 
Ooo NG 
NO 
b> 


hold time 
nJ, nK to nCP 


maximum clock pulse 
frequency 


wWwoa 
oo) 
00 DN 
— 0 
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PC74HC/HCT 109 
flip-flops 


Dual JK flip-flop with set and reset; positive edge-trigger 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


f 


Output capability: standard 
Icc category: flip-flops 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc¢ per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND =0V; t, =tf=6ns; Cy, = 50 pF 


TEST CONDITIONS 


propagation delay 
nSp tonQ 


propagation delay 
nSp to nQ 


propagation delay 
nRp tonQ 


propagation delay 


clock pulse width 
HIGH or LOW 


set or reset pulse width 
HIGH or LOW 
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PC74HC/HCT 109 
flip-flops 


AC WAVEFORMS 


nJ,nK INPUT 


nCP INPUT 


nQ OUTPUT 


nQ OUTPUT 


eli etry 
7Z93136.1 —~! tery 


nSp INPUT 


nRp INPUT 


nQ OUTPUT 


nQ OUTPUT 


Note to AC waveforms 
(1) HC : Vy = 50%; Vy = GND to Voc. 
HCT: VM =1.3V; Vj =GND to 3V. 
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Fig. 6 Waveforms showing the clock (nCP) to 
output (nQ, nQ ) propagation delays, the clock 
pulse width, the nJ, nK to nCP set-up, the nCP 
to nJ, nK hold times, the output transition 
times and the maximum clock pulse frequency. 


Note to Fig. 6 


The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 


Fig. 7 Waveforms showing the set and reset input 
to output (nQ, nQ) propagation delays and the 
7293121 set and reset pulse width. 


PC74HC/HCT112 
flip-flops 


DUAL JK FLIP-FLOP WITH SET AND RESET; NEGATIVE-EDGE TRIGGER 


FEATURES 


e@ Asynchronous set and reset 
@ Output capability: standard 
@ '!cc category: flip-flops 


GENERAL DESCRIPTION 


The 74HC/HCT112 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT112 are dual negative- 
edge triggered JK-type flip-flops featuring 
individual nJ, nK, clock (nCP), set (nSp) 
and reset (nRp) inputs. The set and reset 
inputs, when LOW, set or reset the 
outputs as shown in the function table 
regardless of the levels at the other inputs. 


A HIGH level at the clock (nCP) input 
enables the nJ and nK inputs and data 

will be accepted. The nJ and nK inputs 
control the state changes of the flip-flops 
as shown in the function table. The nJ and 
nK inputs must be stable one set-up time 
prior to the HIGH-to-LOW clock 
transition for predictable operation. 
Output state changes are initiated by the 
HIGH-to-LOW transition of nCP. 


Schmitt-trigger action in the clock input 
makes the circuit highly tolerant to 
slower clock rise and fall times. 


7Z93649 


Fig. 1 Pin configuration. 


TYPICAL 


PARAMETER CONDITIONS 


SYMBOL 


tPHL/ 
'PLH 
fmax 
C 


GND =0 V; Tamb = 25 °C; t, = tf = 6 ns 


propagation delay 


nCP to nd, nO 
nSp tonQ, nO C; = 15 pF 
nRp tonQ, nQ Vec=5V 


maximum clock frequency 


input capacitance 


power dissipation 
capacitance per flip-flop 


notes 1 and 2 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL. x VCC’ x fo} where: 


output load capacitance in pF 
supply voltage in V 


fj, = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
z (Cy x Vcc? x fg) = sum of outputs 

2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT112P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT112T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


ott 


PIN DESCRIPTION 


SYMBOL 


NAME AND FUNCTION 


1CP, 2CP 


clock input (HIGH-to-LOW, edge triggered) 


1K, 2K data inputs; flip-flops 1 and 2 
1J, 2J data inputs; flip-flops 1 and 2 
1Sp, 28p set inputs (active LOW) 

10, 20 true flip-flop outputs 

10, 20 complement flip-flop outputs 
GND ground (0 V) 

1Rp, 2Rp reset inputs (active LOW) 


positive supply voltage 


7293650 15114 


7293651 


Fig. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 
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PC74HC/HCT112 
flip-flops 


FUNCTION TABLE 


load “0” (reset) 
load “1” (set) 
hold “’no change”’ 


Note to function table 


Both outputs will be HIGH while both nSp and nRp are LOW, but the output states 
are unpredictable if nSp and nRp go HIGH simultaneously. 


HIGH voltage level 

HIGH voltage level one set-up time prior to the HIGH-to-LOW CP transition 
LOW voltage level 

LOW voltage level one set-up time prior to the HIGH-to-LOW CP transition 
lower case letters indicate the state of the referenced output one set-up time 
prior to the HIGH-to-LOW CP transition 

don’t care 

HIGH-to-LOW CP transition 


7Z93652 


Wow ow ou a 


Fig. 4 Functional diagram. 


—-—x« aA7rsrt 


Wool 
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Fig. 5 Logic diagram (one flip-flop). 
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Dual JK flip-flop with set and reset; negative-edge trigger 


“PC74HC/HCT142 
flip-flops 


oS a ORE OTE TCE RTOS NRL ESTCSS COME BSE EOS Er 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘-HCMOS family characteristics’’, section ‘‘Family specifications”’. 


Output capability: standard 
Icc category: flip-flops 


AC CHARACTERISTICS FOR 74HC 


GND=0OV;t, =t¢ = 6 ns; C; = 50 pF 


SYMBOL 


TEST CONDITIONS 


PARAMETER UNIT | Vcc | WAVEFORMS 
V 
: 2.0 
tpHL/ propagation delay se 45 Fig. 6 
tpl nCP to nO 6.0 ‘ 
—t— Shire Dass eS ee a ON Ne | 
| 2.0 | 
tPHL/ propagation delay - a5 Fig. 6 
tPLH nCP to nQ 6.0 
propagation delay ae 
pais phen ty i 
nRp to nQ, nO oe | a | Pig 
. 2.0 
tpHL/ propagation delay ae a5 ied 
tPLH nSp to nQ, nQ 6 
t / cs 
THL output transition time ns 4.5 Fig. 6 
'TLH 6.0 
2.0 
clock pulse width i : | 
HIGH or LOW e we ng8 
palettes Bis Sheets 
t t pulse width oe 
set or reset pulse wi Fic. 7 
tw LOW ns Me ig. 
removal time 2.0 
= a ; Fig. 
‘rem nRp to nCP es : - et 
removal time roe 
= oo 4. Fig. 
trem nSp to nCP - ded 
set-up time - 
: _— 4.5 Fig. 
su nJ, NK to nCP . Sy ae e 
2.0 
hold time 
am 4.5 Fig. 6 
th nJ, nK to nCP " 6.0 ‘9 
; 2.0 
F maximum clock pulse MHz 45 Fig. 6 
max frequency 6.0 
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| _ * spbe-evitsper : 


flip-flops 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications”. 


Output capability: standard 
Icc category: flip-flops 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc¢ per input, multiply this value by the unit load coefficient shown in the table below. 


AC CHARACTERISTICS FOR 74HCT 
GND =O V;t, = t¢=6 ns; CL = 50 pF 


Tamb (°C) 


TEST CONDITIONS 
74HCT 
PARAMETER UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 | —40 to +125 Vv 
typ. 


SYMBOL 


F 


a 
ro) 


tpHL/ propagation delay 
tPpLH nCP to nQ 
tpHL/ propagation delay 
tPLH nCP to nQ 
tpH./ propagation delay 
tpLH nRp to nQ, nO 
tpHL/ propagation delay 
tPLH nSp to nQ, nd 
tTHL/ | Output transition time 
'TLH 
t clock pulse width 
id HIGH or LOW 
t set or reset pulse width 
W LOW 
t removal time 
rem nRp to nCP 
t removal time 
rem | nSp to nCP 


t set-up time —__ 
su nJ, nK to nCP 


t hold time 

h nJ, nK to nCP eo 
; maximum clock pulse 

Pee frequency 


a) 
o 


ig. 7 
g. 


ae 


a 
N 


ra) 
N 


7 
— [Fes 


w NO N) 


~ | NO NO 


NO 
= OO W 
o1 NO ~N 
N 
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Dual JK flip-flop with set and reset; negative-edge trigger 


AC WAVEFORMS 


nCP INPUT 


nQ OUTPUT 


nQ OUTPUT 


nCP INPUT 


nSp INPUT 


nRp INPUT 


nQ OUTPUT 


nQ OUTPUT 


Note to AC waveforms 
(1) HC: Vy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 


rere 1/f max 


Vay lt) 4 


PC74HC/HCT112 
flip-flops 


Fig. 6 Waveforms showing the clock (nCP) to output (nQ, 
nQ) propagation delays, the clock pulse width, the nJ, nK 
to nCP set-up times, the nCP to nJ, nK hold times, the 
output transition times and the maximum clock pulse 
frequency. 


Note to Fig. 6 


The shaded areas indicate when the input is permitted to 
change for predictable output performance. 


Fig. 7 Waveforms showing the set (nSp) and reset (nRp) 
input to output (nQ, nQ) propagation delays, the set and 
reset pulse width and the nRp to nCP removal time. 
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PC74HC/HCT123 
MSI 


DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATOR WITH RESET 


FEATURES 


® DC triggered from active HIGH or 
active LOW inputs 

@ Retriggerable for very long pulses 
up to 100% duty factor 

@ Direct reset terminates output pulse 

@ Schmitt-trigger action on all inputs 
except for the reset input 

© Output capability: standard (except 


for =e a 
© Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT123 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT123 are dual 
retriggerable monostable multivibrators 
with output pulse width contro! by 
three methods. The basic pulse time is 
programmed by selection of an external 
resistor (REx) and capacitor (CExT). 
The external resistor and capacitor are 
normally connected as shown in Fig. 6. 


Once triggered, the basic output pulse 
width may be extended by retriggering the 
gated active LOW-going edge input (nA) 
or the active HIGH-going edge input (nB). 
By repeating this process, the output 
pulse period (nQ = HIGH, nO = LOW) can 
be made as long as desired. Alternatively 
an output delay can be terminated at any 
time by a LOW-going edge on input nRp, 
which also inhibits the triggering. 


(continued on next page) 
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Fig. 1 Pin configuration. 


| TYPICAL. | 


CONDITIONS UNIT 


26 26 ns 
20 23 


minimum output acne 5 
width nQ, nQ 


GND = OV; Tamb = 25°C; ty = tp = 6 ns 
ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT123P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT123T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


SYMBOL PARAMETER 


propagation delay 
nA, nB 

to nQ, nO 
a to nQ, nO 


tPHL/ 
'PLH 


PIN DESCRIPTION 


/PINNO, SYMBOL NAME AND FUNCTION 


1A, 2A 
1B, 2B 
1Rp, 2Rp 


trigger inputs (negative-edge triggered) 
trigger inputs (positive-edge triggered) 


direct reset LOW and trigger action at 
positive edge 


outputs (active LOW) 

external resistor/capacitor connection 
ground (0 V) 

outputs (active HIGH) 

external capacitor connection 


10, 20, 
2REXT/CEXT 
GND 

10, 20 

1CEXT, 2CEXT 
TRExT/CexT 
Vcc 


external resistor/capacitor connection 
positive supply voltage 


q 1CExT 14 


2CexT § 
TRext/Cext 15 
2Rext/Cext 7 


7293286 


7293287 


Fig. 2 Logic symbol. 


Fig. 3 IEC logic symbol. 
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MSI 


| DOBRA ARORA RT oto 


7293288 


Fig. 4 Functional diagram. 


FUNCTION TABLE 
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GENERAL DESCRIPTION (Cont'd) 


An internal connection from nRp to the 
input gates makes it possible to trigger the 
circuit by a positive-going signal at input 
nRp as shown in the function table. 
Figures 7 and 8 illustrate pulse control by 
retriggering and early reset. The basic 
output pulse width is essentially 
determined by the values of the external 
timing components Re xT and Cext. 

For pulse widths, when Cex7 < 10 000 pF, 
see Fig. 9. 


When Cex > 10 000 pF, the typical 
Output pulse width is defined as: 


tw = 0.45 x Rexty x CextT (typ.), 

where, tw = pulse width in ns; 
REXT = external resistor in kQ; 
CexT = external capacitor in pF. 


Schmitt-trigger action in the nA and nB 
inputs, makes the circuit highly tolerant to 
slower input rise and fall times. 


= HIGH voltage level 

= LOW voltage level 

= don’t care 

= LOW-to-HIGH transition 

= HIGH-to-LOW transition 
one HIGH level output pulse 
one LOW level output pulse 


ne 


Dual retriggerable monostable multivibrator with reset 


7293290 


T Cext 


to nCexy to nRey/Ceyxy 
(pin 14 or 6) (pin 15 or 7) 


Fig. 6 Timing component connections. 


7293289 
GND 


(1) It is recommended to ground pins 6 (2CExT) 
and 14 (1Ce x7) externally to pin 8 (GND). 


Fig. 5 Logic diagram. 


PC74HC/HCT123 


MSI 
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PCT4HC/HCT 123° 
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RANTES Knee EOE 


os dtiw ierside.: 


MSi 


mC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard (except for nRExT/CEXT) 
lcc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND =0V;t, =t¢=6 ns; C_ = 50 pF 


j Tamb (°C) 
| 


TEST. CONDITIONS 


UNIT | Vcc 
V 
2.0 


“J 
b 
<= 
>) 


NO & O1 ND 
VES 1|S264 
oi Oo 
oO Om Ww O1 OD 
: eeg | ee 
(=) 
oO1 oO) On 
oun O1 sy 


SYMBOL | PARAMETER WAVEFORMS/NOTES 


—40 to +85 | —40to+125 


is) 
NO 
i) 


propagation delay _ 


On Ww 
o1~) © 
oO 


25 
TPH nR p, nA, nB to nQ a ns a 
i 385 2.0 
+ propagation delay 
PLH nRp, nA, nB tonQ 
propagation delay 270 325 
'PHL 


nRp to nQ 4G 


270 


Po 
oO > 


*PLH nRp to nQ 


325 
65 
55 


OPN | OPN | Ohh 1 
ono |ouo!]ouo 


| 75 110 
THE output transition time 15 22 
tTLH 13 19 


125 150 


95 
19 
16 
tw ee 20 | 7 25 30 
: : 100; 19 125 150 
tw ee ee width 20 j 25 30 
17 6 21 26 
eS eee, 
; 100} 19 125 150 
tyy ar a ae 270 | 7 25 30 
D 17. | 6 21 26 


CexT = 100 nF; 
RexT = 10 kQ; 
Figs 7 and 8 


open neers | cesar 


output pulse width 
nQ = HIGH 
nQ = LOW 


CexT = OPF; 
RexT = 5 kQ,; 
note 1; Figs 7 and 8 


ii 
w” 


—y 
et i 
= | 

| 

- ca 

i oO | 
| SONS 
| oo sg 
| rus 
S22 
| 228 
| S 
23 

~ | 


retrigger time A4 Hal ys we 

nA, nB note 2; Fig. 8 
oo ECE 
external timing capacitor 5.0 Fig. 9; note 3 | 
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PC74HC/HCT 123 
MSI 


Dual retriggerable monostable multivibrator with reset 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: standard (except for nNRExT/CEXxT) 
lcc category: MS! 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 
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PC74HC/HCT123 
MSI 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t, = t¢ =6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS/NOTES 
+25 —40 to +85 | —40to +125 V 


ou 
nm 


propagation delay _ 
np, nA, nB to nQ 


Ww 
C1 oO 
Oo 
co 


OQ io) 

oO i=) 
NO 
iL) 


propagation delay 


“ ~S 


nRp,nA, nB to nO sa 
Propagation delay _ 


propagation delay 
nRp to nQ 


output transition time 


trigger pulse width 
nA = LOW 


No 
Oo 
NO 


a NJ ~N NO w Zz 
Ni SJ ro) ow) ~_ 


trigger pulse width 
nB = HIGH 


No 
Ei 
ca 
Oo 
3 
aS 
oi 


reset pulse width 
'w nRp = LOW 2¢ a 
output pulse width CexT = 100 nF; 
tw nQ = HIGH REXT = 10 kQ; 
nQ =LOW Figs 7 and 8 


output pulse width 
nQ = HIGH 
nQ = LOW 


CexT = OpF; 
REXxT = 5 kQ; 
note 1; Figs 7 and 8 


CexT = OPF; 


RextT = 9 kQ; 
note 2: Fig. 8 


Fig. 9; note 3 


retrigger time 
nA, nB 


| REXT | external timing resistor Aas 


Sai 
ro) 


I 
oi on 
(a) (oe) 


CEXT external timing capacitor no limits 
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Dual retriggerable monostable multivibrator with reset 


MSI 


Notes to AC characteristics 


1. For other RExy and CexT combinations see Fig. 9. 
If CexT > 10 nF, the next formula is valid: 
tw =K x Rexty x CexT (typ.) 
where, ty = Output pulse width in ns; 


REXT = external resistor in kQ; Cey 7 = external capacitor in pF; 
constant = 0.45 for Vcc = 5.0 V and 0.48 for Vcc = 2.0 V. 


The inherent test jig and pin capacitance at pins 15 and 7 (nREyxT/CE x7) is approximately 7 pF. 


2. The time to retrigger the monostable multivibrator depends on the values of Rex7y and Cex. 


The output pulse width will only be extended when the time between the active-going edges of the 
trigger input pulses meets the minimum retrigger time. 


If CExT > 10 nF, the next formula (at Vcc = 5.0 V) for the set-up time of a retrigger pulse is valid: 
tre = 35 + (0.11 x Cex) + (0.04 x RExT x CExT) (typ.) 


where, trt = retrigger time in ns; 
Ce xT = external capacitor in pF; 
ReExT = external resistor in kQ2. 


The inherent test jig and pin capacitance at pins 15 and 7 (NREyx7T/CExT) is approximately 7 pF. 


3. When the device is powered-up, initiate the device via a reset pulse, when CEx7T < 50 pF. 


AC WAVEFORMS 


nB INPUT { | { 
nB INPUT f | | 


nA INPUT nip INPUT 


—-<—4 
nQ OUTPUT | | l | | | | 
nQ OUTPUT 


ea tw eee eames tw ear 


7293292 


Fig. 8 Output pulse control using reset input nRp; nA = LOW. 


Fig. 9 Typical output pulse width as a function of the external 
capacitor values at Vcc = 5.0 V and Tampb = 25 °C. 


103 104 
CexT (pF) 
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PC74HC/HCT125 
MSI 


QUAD BUFFER/LINE DRIVER; 3-STATE 


FEATURES 


® Output capability: bus driver 
® !Icc category: MSI! 


GENERAL DESCRIPTION 


The 74HC/HCT 125 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT125 are four non- 
inverting buffer/line drivers with 3-state 
outputs. The 3-state outputs (nY) are 
controlled by the output enable input 
(nOE). A HIGH at nOE causes the 
outputs to assume a HIGH impedance 
OF F-state. 

The ‘“125” is identical to the “126” but 
has active LOW enable inputs. 


7293370 


Fig. 1 Pin configuration. 


TYPICAL 


= 
ie eb 
fa | | 


PARAMETER CONDITIONS 


SYMBOL 
Cy = 15 pF 


tpH/ propagation delay 
tPLH nA to nY Vec=5V 
Cie a OE 
power dissipation cornet ana 
capacitance per buffer 


GND = OV; Tamb = 25 °C; t, = tp = 6 ns 


Notes 
1. CPD is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x Vcc? x fo) where: 
fj = input frequency in MHz CL = output load capacitance in pF 


fo = output frequency in MHz VCC = supply voltage in V 
2 (Cy x Vcc? x fo) = sum of outputs 
2. For HC thecondition is Vj = GND to Vcc 


For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT125P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT125T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


FPINNO. | SYMBOL NAME AND FUNCTION 


1,4, 10, 13 10E to 40E 
2,5,9, 12 1A to 4A 
3,6, 8, 11 1Y to 4Y 
7 GND 
14 Vcc 


output enable inputs (active LOW) 


data inputs 


data outputs 
ground (0 V) 
positive supply voltage 


7293372 7293371 


Fig. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 
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PC74HC/HCT125 
MSI 


Po Popo foe 


Ane ie lie end 7293833 


7293372 


Fig. 5 Logic diagram (one buffer). 


Functional diagram. 


FUNCTION TABLE 


- ioe 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OF F-state 
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Quad buffer/line driver; 3-state 


DC CHARACTERISTICS FOR 74HC 


PC74HC/HCT125 
MSI 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV; t, = te =6 ns; Cy = 50 pF 


—40 to +125 


min, 


UNIT 


Ns 


Tamb (°C) 
74HC 
SYMBOL | PARAMETER 
+25 —40 to +85 
min, |; typ. | max. | min, | max 
: 30 100 125 
propagation delay 0 25 
nA to nY 1 
9 17 21 
3-state output enable time . ba Ise 
OE to nY 15 25 31 
eeu 21 26 
3-state output disable time 41 125 195 
OE to nY 15 | 25 31 
eh Paes 26 
14 |60 75 
output transition time 12 15 
10 13 


ns 


TEST CONDITIONS 


Vcc | WAVEFORMS 


ns 
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PC74HC/HCT125 
‘MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘'HCMOS family characteristics’, section “Family specifications’. 


Output capability: bus driver 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value BY the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT COEFFICIENT 
ate 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t, = te =6 ns; Cy, = 50 pF 


pean tem (°C) TEST CONDITIONS 
a cae 
SYMBOL | PARAMETER UNIT Vec WAVEFORMS 
pe —40to +85 | —40to+1 


tpyL/ propagation delay 33 
tpLH nA to nY 

tpzH/ 3-state output enable time 

tpZL. nOE to nY 


tpyz/ 3-state output disable time 
tpLz nOE to nY 

tTHL/ output transition time 
‘TLH 


— 
NO 
ie 
= 
o1 
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Quad buffer/line driver; 3-state , PC74HC/HCT125 
‘MSI 


AC WAVEFORMS 


nA INPUT 


OUTPUT 
LOW-to-OFF 
OFF -to- LOW 


nY OUTPUT 


OUTPUT 
HIGH-to-OFF 


337 
Teese OFF-to-HIGH 


Outputs —_»/4— outputs ~__» <t-—- Outputs 
7293374 enabled disabled enabled 


Fig. 6 Waveforms showing the input (nA) 
to output (nY) propagation delays and 
the output transition times. 


Fig. 7 Waveforms showing the 3-state enable 
and disable times. 


Note to AC waveforms 
(1) HC : Vyy = 50%; V; = GND to Vcc. 
HCT: Vy =1.3V; Vj = GND to 3V. 
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MSI 
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QUAD BUFFER/LINE DRIVER; 3-STATE 


FEATURES 


@® Output capability: bus driver 
@ icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT 126 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 
The HC/HCT126 are four non- 
inverting buffer/line drivers with 3-state 
outputs. The 3-state outputs (nY) are 
controlled by the output enable input 
(nOE). A LOW at nOE causes the 
outputs to assume a HIGH impedance 
OF F-state. 


The ‘'126”' is identical to the 125’ but 
has active HIGH enable inputs. 


7Z93375 


Fig. 1 Pin configuration. 
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SYMBOL PARAMETER 


GND = OV; Tamb = 25 °C; t; = tp = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fi + = (CL. x Vcc’ x fo) where: 
fj input frequency in MHz CL 
fo = output frequency in MHz Vcc 
© (Cy x Voc? x fg) = sum of outputs 


2. For HC. the condition is Vj = GND to Vcc 
For HCT the condition is Vj} = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT126P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT126T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


PIN NO. SYMBOL NAME AND FUNCTION 

1,4, 10, 13 10E to 40E output enable inputs (active HIGH) 
2,5, 9, 12 1A to 4A data inputs 

3, 6, 8, 11 1Y to 4Y data outputs 

7 . GND ground (0 V) 

14 Vcc positive supply voltage 


: 7293377 
7293376 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 


Quad buffer/line driver; 3-state 


7293376 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


INPUTS OUTPUT 
/ 0c | mA | wy 
L 
H 
xX 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OF F-state 


PC74HC/HCT126 


“Poo pofpo-n 
Deo po roe 


Fig. 5 Logic diagram (one buffer). 
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PC74HC/ HCT126 


288 


MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section “Family specifications”. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND = OV; t, = te = 6 ns; Cy = 50 pF 


SYMBOL | PARAMETER 


tpHL/ propagation delay 
tPpLH nA to nY 
tpzH/ 
tPZL 
tpHz/ 
tPLZ 


tTHL/ 
TTLH 


TEST CONDITIONS 


UNIT | Vcc | WAVEFORMS 
V 
2.0 
4.5 Fig. 6 
17 21 26 6.0 


3-state output enable time 
nOE to nY 


3-state output disable time 
nOE to nY 


output transition time 
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Quad buffer/line driver; 3-state PC74HC/HCT126 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’’. 


Output capability: bus driver 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Aicc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT COEFFICIENT 


nA, nOE 


AC CHARACTERISTICS FOR 74HCT 
GND =0OV;t, = te =6ns;C; = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
—40 to +85 | —40to +125 Vv 
ve | mon 


tpy/ propagation delay Fig. 6 
tPLH nA to nY 

tpZH/ 3-state output enable time 
tpZL nOE to nY 


tpHz/ 3-state output disable time 
tpLz nOE to nY 

tTHL/ output transition time 
'TLH 
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PC74HC/HCT126 
‘MSI 


AC WAVEFORMS 


nA INPUT 


nY OUTPUT 


7293378 


Fig. 6 Waveforms showing the input (nA) 
to output (nY) propagation delays and 
the output transition times. 


Note to AC waveforms 
(1) HC : Vyyq = 50%; Vj = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 
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OUTPUT 
LOW-to-OFF 
OFF -to- LOW 


OUTPUT 
HIGH-to-OFF 
OFF -to-HIGH 


Vy") 


Outputs —»/|~——_._ outputs —___» ~«— outputs 


7293379 enabled disabled enabled 


Fig. 7 Waveforms showing the 3-state enable 
and disable times. 


PC74HC/HCT132 
SSI 


QUAD 2-INPUT NAND SCHMITT TRIGGER 


FEATURES 


® Output capability: standard 
® Icc category: SSI 


GENERAL DESCRIPTION 


The 74HC/HCT132 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 


compliance with JEDEC standard no. 7. 


The 74HC/HCT132 contain four 
2-input NAND gates which accept 
standard input signals. They are capable 
of transforming slowly changing input 
signals into sharply defined, jitter-free 
output signals. 


The gate switches at different points 
for positive and negative-going signals. 
The difference between the positive 
voltage V+ and the negative voltage 
Vy_ is defined as the hysteresis 
voltage Vy. 


7293333 


Fig. 1 Pin configuration. 


— ae cask ates 
TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 
HC HCT 

tpHi/ propagation delay Cy = 15 pF 11 17 

tPLH nA, nB tonY - Vec=5V 

C| input capacitance 

power dissipation 

Cpp capacitance per Gate | notes 1 and 2 24 20 pF 
GND =0 V; Tamb = 25 °C; ty = tp = 6 ns 
Notes 


1. 


OR 


Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x Vcc’ x fi + = (CL x Vcc? x fo) where: 


fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
2 (Cy x Vec? x fg) = sum of outputs 


output load capacitance in pF 
supply voltage in V 


. For HC the condition is Vj = GND to Vcc 


For HCT the condition is Vj} = GND to Vcc — 1.5 V 


DERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT132P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT132T: 14-lead mini-pack; plastic (SO-14; SOT-108A)}. 


PIN DESCRIPTION 


SYMBOL 


iE 
2, 


3, 
i 


14 Vcc 


4,9, 12 
5, 10, 13 
6,8, 11 


1A to 4A 
1B to 4B 
1Y to 4Y 
GND 


NAME AND FUNCTION 
data inputs 

data inputs 

data outputs 

ground (0 V) 

positive supply voltage 


7293334 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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‘PC74HC/HCT 132 
SSI 


7293337 


Fig. 5 Logic diagram 
(one Schmitt trigger). 


7293336 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


H = HIGH voltage level 
L = LOW voltage level 
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APPLICATIONS 


@ Wave and pulse shapers 
® Astable multivibrators 
@ Monostable multivibrators 


Quad 2-input NAND Schmitt trigger PC74HC/HCT132 
SSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HGMOS family characteristics’, section ‘Family specifications’. Transfer character- 


istics are given below. 

Output capability: standard 

Icc category: SSI 

Transfer characteristics for 74HC 


Voltages are referenced to GND (ground = 0 =~ Se 


peo ME ee (°C) 
ae 
SYMBOL UNIT 
—40 to +85 ) 40 t0+125 to ) 40 t0+125 
an vp dieleieie re 
5 


TEST CONDITIONS 


WAVEFORMS 


PARAMETER 


hysteresis (V4 — VT_) 


| 1.5 0.7 | 1.5 0.7 i 
VT+ positive-going threshold dt 3.15 | 1.7 | 3.15 | 1.7 3.15 | V Figs 6 and 7 
1 4.2 2.1 | 4.2 2.1 4.2 
0 0.3 | 1.0 0.3 
VT negative-going threshold 2 0.9 | 2.2 0.9 
1.2 | 3.0 1.2 


re: Figs 6 and 7 
6.0 


0.2 0.2 1.0 2.0 
0.4 0.4 1.4 4.5 | Figs 6 and 7 
0.6 0.6 1.6 6.0 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V;t, = t¢=6 ns; C= 50 pF 


TEST CONDITIONS 
SYMBOL | PARAMETER WAVEFORMS 
tpHL/ propagation delay 
nA, nB to nY as Fig. 8 
t / 2.0 
THL output transition time 4.5 Fig. 8 
tTLH 6.0 
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PC74HC/HCT132 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’’, section “Family specifications’. Transfer character- 
istics are given below. 

Output capability: standard 

Icc category: SSI 

Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


: unit load 
Input eg 


nA,nB 0,3 


Transfer characteristics for 74HCT 


Voltages are referenced to GND (ground = 0 V) 


TEST CONDITIONS 


SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS 
—40 to +125 Vv 
/ min, ; : in. | max. 
: ; : : 1.9 : 


T+ positive-going threshold 3 Figs 6 and 7 
1.2 
0.4 


negative-going threshold 
: 0.4 ; 4.5 ; 
H hysteresis (V74 — VT_) 04 04 i V Figs 6 and 7 


AC CHARACTERISTICS FOR 74HCT 


V 
V Figs 6 and 7 
V 


GND = 0 V; ty = tf = 6 ns; CL = 50 pF 


Tamb (°C) TEST CONDITIONS 


74HCT 


SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS 
—40to +85 | —40to +125 


+25 

-min.| typ. max. | min.| max. | min. | max. 
tpHL/ propagation delay 20 a 
tpLH nA, nB to nY | 


tTHL/ output transition time 7 15 19 
'TLH 


33 41 50 ns 


22 ns 


January 1986 


Quad 2-input NAND Schmitt trigger PC74HC/HCT132 
SSI 


TRANSFER CHARACTERISTIC WAVEFORMS 


vy 


= Vy lee 


° ie 
7293339 


Vt— Vt+ 7293338 
Fig. 7 Waveforms showing the definition of 
VT+, V7 and Vi4; where VT+ and Vy7_ 


Fig. 6 Transfer characteristic. are between limits of 20% and 70%. 


AC WAVEFORMS 


nA, nB INPUT 


nY OUTPUT 


7293633 


Fig. 8 Waveforms showing the input (nA, nB) to Note to AC waveforms 
output (nY) propagation delays and the output (1) HC: Vxy = 50%; V) = GND to Vee. 


transition times. HCT: Vy = 1.3V; Vj = GND to 3V. 
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PC74HC/HCT 137 
MS! 


296 


DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


3-TO-8 LINE DECODER/DEMULTIPLEXER WITH ADDRESS LATCHES 


FEATURES 


© Combines 3-of-8 decoder with 3-bit 
latch 

® Multiple input enable for easy 
expansion or independent controls 

@ Active LOW mutually exclusive 
outputs 

@ Output capability: standard 

® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT 137 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT 137 are 3-of-8 
decoder/demultiplexers with latches at 
the three address inputs (A,). The “137” 
essentially combines the 3-of-8 decoder 
function with a 3-bit storage latch. 

When the latch is enabled (LE = LOW), 
the “137” acts as a 3-of-8 active LOW 
decoder. When the latch enable (LE) 
goes from LOW-to-HIGH, the last data 


present at the inputs, before this transition, 


is stored in the latches. Further address 
changes are ignored as long as LE remains 
HIGH. 


The output enable input (Ej and E2) 
controls the state of the outputs 
independent of the address inputs or 
latch operation. All outputs are HIGH 
unless E_ is LOW and E9 is HIGH. 


The “137” is ideally suited for 
implementing non-overlapping decoders 
in 3-state systems and strobed (stored 
address) applications in bus oriented 
systems, 


Fig. 1 Pin configuration. 
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| TYPICAL | 


SYMBOL PARAMETER CONDITIONS 

: 
tpHi/ propagation delay 7 
tPLH An to Yn 


GND = 0 V;Tamp = 25 °C; tp = te = 6 ns 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT137P: 16-lead DIL; plastic (SOT-382Z). 
PC74HC/HCT137T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


NAME AND FUNCTION 


data inputs 

latch enable input (active LOW) 
data enable input (active LOW) 
data enable input (active HIGH) 
ground (0 V) 


15, 14, 13, 12, 
11, 10, 9, 7 


16 positive supply voltage 


multiplexer outputs 


FUNCTION TABLE 


INPUTS OUTPUTS 
cel ey] ee] 40 | ar| a2 | Yo] v4 | ve | Vo | Ya | ¥5| Yo] M7 


H L H X X Xx stable 

X H Xx X X Xx H H H H H H H H 
X X L X X x H H H H H H H H 
L L H L L L L H H H H H H H 
L L H H L L H L H H | H H H H 
L L H L H L. H H L H H H H H 
L L H H H L H H H L H H H H 
L L H L L H H H H H L H H H 
L L H H L H H H H H H L H H 
L L H L H H H H H H H H L H 
L L H H H H H H H H H H H L 


H = HIGH voltage level 
L. = LOW voltage level 
X = don’t care 


PC74HC/HCT 138 
MSI 


3-TO-8 LINE DECODER/DEMULTIPLEXER; INVERTING 


FEATURES 


TYPICAL 


| CONDITIONS 


® Demultiplexing capability PARAMETER 
® Multiple input enable for easy 
expansion ) re ; 
® Ideal for memory chip select "PHL Propega lon celay 
denies tPLH An to Yn CL = 15 pF 
ecoding , . y Won y 
® Active LOW mutually exclusive tPHL/ = yn CC 
at tPLH En to Yn 
puts ae = ; 
@ Output capability: standard input capacitance 


© Icc category: MSI 
power dissipation 
capacitance per package 


GND = 0 V; Tamb = 25 °C; t, = tf = 6 ns 


notes 1 and 2 


GENERAL DESCRIPTION 


The 74HC/HCT138 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky Notes 


TTL (LSTTL). They are specified in 1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
compliance with JEDEC standard no. 7. Pp = Cpp x Vec? x f+ (CL x VCC? x fo) where: 


The 74HC/HCT138 decoders accept 
three binary weighted address inputs 
(Ag, A1, Ag) and when enabled, provide 
8 mutually exclusive active LOW outputs 
(Yo to Y7). 

The 138” features three enable inputs: 


CL output load capacitance in pF 


fj = input frequency in MHz = 
Vcc = supply voltage in V 


fo = output frequency in MHz 
x (Cy x Vcc? x fg) = sum of outputs 


. For HC the condition is Vj = GND to Vcc 


For HCT the condition is V| = GND to Vcc — 1.5 V 


two active LOW (E and E>) and one 
active HIGH (E3). Every output will be 
HIGH unless Ey and Eg are LOW and 
E3 is HIGH. 


This multiple enable function allows 

easy parallel expansion of the ‘138’ to 

a 1-of-32 (5 lines to 32 lines) decoder 
with just four ‘’138’’ ICs and one inverter. 


The “138” can be used as an eight output 
demultiplexer by using one of the active 
LOW enable inputs as the data input and 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT138P: 
PC74HC/HCT 138T: 


16-lead DIL; plastic (SOT-38Z). 
16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


the remaining enable inputs as strobes. SYMBOL NAME AND FUNCTION 
Unused enable inputs must be : 

permanently tied to their appropriate Ao i A2 BgUness pu : 

active HIGH or LOW state. E1, EQ enable inputs (active LOW) 


The 138” is identical to the ’238’” E3 enable input (active HIGH) 


but has non-inverting (true) outputs. GND ground (0 V) 
15, 14, 13, 12 . 
, ‘ , , t W 
11. 10,9, 7 Yo to Y7 outputs (active LOW) 
16 Vcc positive supply voltage 


7293228 7Z93229.1 


7293227 


Fig. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 


Fig. 1 Pin configuration. 
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Fig. 4 Functional diagram. 


FUNCTION TABLE 


LOW voltage level 


HIGH voltage level 
don’t care 


H 
L 
X 


re 

(Sle as at es BE ae at 
i<e) 

Ke) 

[> ae ae. a pa ee Ge He oS ead eae 
v¥ 

S/rxz ee oI rrr 


OUTPUTS 


= 

|B) xxx fed ed ed Trt 
tne 

€ | xxx Aa 2b 
r-) 
(op) 
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PC74HC/HCT138 
MSI 


3-to-8 line decoder/demultiplexer; inverting 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘’HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Ice category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND =0 V;t, = te =6 ns; Cy = 50 pF 


TEST CONDITIONS 


UNIT | Vcc | WAVEFORMS 


PARAMETER /+—_—— a 


SYMBOL 


propagation delay 
An to Yn 


propagation delay 
E3 to Y, 


propagation delay 
En to Yn 


Output transition time 
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PC74HC/HCT138 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 


Output capability: standard 
Icc category: MS! 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


eye unit load 
P coefficient 
An 


A 0.70 
Er, 0.40 
E3 1.50 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; t; = t¢ = 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
—40to +85 | —40to +125 


V 
ri. | typ. | max. | min] max. | min. | man 
tpy/ propagation delay . 
tpHt/ propagation delay 
tPLH Eg toY), 


tpHt/ propagation delay 

= 
tTHL/ output transition time 7 
tTLH 
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3-to-8 line decoder/demultiplexer; inverting ik PC74HC/HCT138 
J mst 


AC WAVEFORMS 


A,, E3 INPUT Ey, Ea INPUT 


Yp, OUTPUT 


7293232 THL—! 7293233 —~| try 


Fig. 7 Waveforms showing the enable input (E,) 
to output (Y,) propagation delays and the output 
transition times. 


Fig. 6 Waveforms showing the address input (Ap) 
and enable input (E3) to output (Y,) propagation 
delays and the output transition times. 


Note to AC waveforms 
(1) HC : Vaq = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; V) = GND to 3V. 
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PC74HC/HCT 139 
MSI 


DUAL 2-TO-4 LINE DECODER/DEMULTIPLEXER 


FEATURES : 
@® Demuitiplexing capability SYMBOL PARAMETER 
®@ Two independent 2-to-4 decoders 

® 

e 


Multifunction capability 


Active LOW mutually exclusive propagation delay 
tputs ae 

vig me nE tonY, 

@ Output capability: standard 

e 


Icc category: MSI 


GENERAL DESCRIPTION power dissipation 


The 74HC/HCT 139 are high-speed eapaetienes Ber ma iaplene! 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 


compliance with JEDEC standard no. 7. Notes ; : on at a uW 

The 74HC/HCT139 are high-speed, 1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 

dua! 1-to-4 line decoder/demultiplexers. Pp =Cpp x Vcc’ x fj + = (CL x VCC’ x fo) where: 

This device has two independent fj = input frequency in MHz CL = output load capacitance in pF 
decoders, each accepting two binary fo = output frequency in MHz VCC = supply voltage in V 


weighted inputs (nAg and nA) and > (Cy x Voc? x fy) = sum of outputs 
providing four mutually exclusive active aye - 
rv +] 2. For HC the condition is Vj = GND to Vcc 
LOW outputs (nYg to nYq). Each For HCT th diticnde Vi=GND#6.V 15V 
decoder has an active LOW enable input sl eon On ee eGar 


(nE). 


When nE is HIGH, every output is ORDERING INFORMATION/PACKAGE OUTLINES 
forced HIGH. The enable can be used as 


the data input for a 1-to-4 demultiplexer PC74HC/HCT139P: 16-lead DIL; plastic (SOT-382Z). 
application. PC74HC/HCT139T: 16-lead mini-pack; plastic (SO-16, SOT-109A). 


The “139” is identical to the HEF 4556 
of the HE4000B family. 


PIN DESCRIPTION | 
PIN NO. SYMBOL NAME AND FUNCTION 
APPLICATIONS 


@ Memory decoding or data-routing 
® Code conversion 


1, 15 | 1E, 2E enable inputs (active LOW) 
2,3 1Ag, 1A4 address inputs 

4,5,6,7 1¥9 to 1¥3 outputs (active LOW) 

8 GND ground (0 V) 

12, 11, 10, 9 2Y9 to 2Y3 outputs (active LOW) 

14, 13 2AQ, 2A1 address inputs 

16 Vcc positive supply voltage 


7290953 7Z90955 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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Dual 2-to-4 line decoder/demultiplexer PC74HC/HCT 139 
MSI 


FUNCTION TABLE 


INPUTS OUTPUTS 


H = HIGH voltage level 
L = LOW voltage level 
X = don’t care 


7290957 


Fig. 4 Functional diagram. 


7Z90956 


Fig. 5 Logic diagram (one decoder/demultipiexer). 
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PC74HC/HCT139 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0 V; t, = te = 6 ns; CL = 50 pF 


e TEST CONDITIONS 
SYMBOL | PARAMETER WAVEFORMS 


V 

t j 2.0 

PHL/ propagation delay 45 
tPLH nAy to Yn 6.0 
tPpHL/ propagation delay 
tPLH nE tonY, 
tTHL/ output transition time 
'TLH 
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Dual 2-to-4 line decoder/demultiplexer PC74HC/HCT139 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘“HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t,; = tf =6 ns; CL = 50 pF 


TEST CONDITIONS 
SYMBOL | PARAMETER see ae WAVEFORMS 
-40 to +85 cane +125 


tPHL/ propagation delay 
tPLH nApy to Yp, 

tpH/ propagation delay 
tPLH nE to nY, 

tTHL/ output transition time 
'TLH 
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PC74HC/HCT139 
MSI 


AC WAVEFORMS 


nA, INPUT 


nY, OUTPUT 


7Z90958 


Fig. 6 Waveforms showing the address input 
(nAp) to output (nY,) propagation delays and 
the output transition times. 


Note to AC waveforms 
(1) HC : Vyy = 50%; Vj = GND to Vcc. 
HCT: Vy =1.3V; Vy = GND to 3V. 
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nE INPUT 


nY¥, OUTPUT 


7Z90959 


Fig. 7 Waveforms showing the enable input (nE) 
to output (nY,,) propagation delays and the 
output transition times. 


PC74HC/HCT147 
MSI 


10-TO-4 LINE PRIORITY ENCODER 


FEATURES 


® Encodes 10-line decimal to 4line 
BCD 

©® Useful for 10-position switch 
encoding 

®@ Used in code converters and 
generators 

e@ Output capability: standard 

® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT147 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT 147 9-input priority 
encoders accept data from nine active 
LOW inputs (Ag to Ag) and provide a 
binary representation on the four active 
LOW outputs (Yg to Y3). A priority is 
assigned to each input so that when two 
or more inputs are simultaneously active, 
the input with the highest priority is 
represented on the output, with input 
line Ag having the highest priority. 


The devices provide the 10-line to 4-line 
priority encoding function by use of the 
implied decimal ‘’zero’’. The “‘zero”’ is 


encoded when all nine data inputs are 
HIGH, forcing all four outputs HIGH. 


7293171 


Fig. 1 Pin configuration. 


TYPICAL 


SYMBOL PARAMETER CONDITIONS 
tPHL propagation delay Cy = 15 pF 
tPpLH An to Yn Vec=5V 


Cy input capacitance 


Cc power dissipation 
PD capacitance per package 


GND = 0 V; Tamb = 25 °C; ty = te = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x Vcc? x fj + = (CL x Vcc? x fo) where: 
fj = input frequency in MHz CL 
fo = output frequency in MHz VCC 
2 (Ci x Vcc? x fy) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT147P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT147T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


SYMBOL 


NAME AND FUNCTION 


8 
9, 7,6, 14 


11, 12, 13, 1, 
2, 3, 4,5, 10 


15 
16 


ground (0 V) 
BCD address outputs (active LOW) 


decimal data inputs (active LOW) 


not connected 


positive supply voitage 


co wmnn @&@ oo B&B WO MF = 


7293172 


"7293173 


Fig. 2 Logic symbol. . 


Fig. 3 IEC logic symbol. 
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7293174 


Fig. 4 Functional diagram. 


FUNCTION TABLE 
a [m1 | Aa] Rs [Re] As Rol Ar |e | |¥|¥ | Y 


H H |}H |H 


<I 


<= Perit eras acu 


= 
a os 


H = HIGH voltage level 
L = LOW voltage level 
X = don’t care 


xc mre KK KK KK OL 
=z tTrrrt rTiIrTxK cz 


m~ KK KK KR KKK 
x= Tr KKK KKK 
x tor Ke KKK XK 
= tartr KKKX 
xz rrrtrt Pr K KX 
mr tart Tr Kx 
xz Ftrtat AZItIrF -. 
= eae ae 
s+ B2BErr rrezcit = 


ro ortreire xrrir = |S 


7293176 


Fig. 5 Logic diagram. 
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PC€74HC/HCT147 
MSI 


10-to-4 line priority encoder 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘F amily specifications’. 


Output capability: standard 
lcc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0 V;t, = tp = 6 ns; Cy = 50 pF 


TEST CONDITIONS 


pecan nie PTamb PC) 
PTB 
SYMBOL | PARAMETER 0104125 | Er WAVEFORMS 
as == ae 
typ. | max. 


2 = 
tPHL/ =| pro eal 18 7 : 45 Fig. 6 
tPLH An to Yp 14 | 97 6.0 
19 a 2.0 
tTHL/ 4.5 
tTLH 6.0 


output transition time 
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PC74HC/HCT 147 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 


Output capability: standard 
lec category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alac) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; t, = t¢ = 6 ns; Cy = 50 pF 


Tamb (°C) 
74HCT 
SYMBOL | PARAMETER UNIT 
—40to +85 | —40 to +125 
SSSeScScscs 
propagation delay 


TEST CONDITIONS 


Vec | WAVEFORMS 


output transition time 7 15 19 


AC WAVEFORMS 


7293176 


Fig. 6 Waveforms showing the decimal data 

inputs (A,,) to output (Yn) propagation delays 

and the output transition times. Nota <oAC wavefornis 

(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; Vy = GND to 3V. 
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8-INPUT MULTIPLEXER 


FEATURES 


@ True and complement outputs 

® Multifunction capability 

@ Permits multiplexing from 

‘n lines to 1 line 

Non-inverting data path 

See the “251” for the 3-state version 
Output capability: standard 

Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT151 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT151 are the logic 
implementations of single-pole 8-position 
switches with the state of three select 
inputs (Sg, $1, Sg) controlling the switch 
positions. = 

Assertion (Y) and negation (Y) outputs 
are both provided. 

The enable input (E) is active LOW. 
When E is HIGH, the Y output is HIGH 
and the Y output is LOW, regardless of 
all inputs. 

The logic function provided at the output, 
when activated, is: 


Y = E.(19.89.87.S2 + 14.S9.57.52 + 

+ 19.59.$1.592 + 13.89.S7.S2 + 

+ 14.S9.57.S9 + I5.S9.51.S2 + 

+ 1g.S9.S1.S2 + 17.S9.S7.S9) 
The “151” provides in one package the 
ability to select from eight sources of data 
or control information. The “151” can 
provide any logic function of four 


variables and its negation with correct 
manipulations. 


7293154 


Fig. 1 Pin configuration. 


E to Y 


input Capacitance 


“ TYPICAL | | 
SYMBOL PARAMETER CONDITIONS -----—- eos WALT 
HC HCT 
Sasi ees eens Eta tees 
propagation delay 
I, to Y, Y - 16 19 ns 
Sp to Y, ¥ eemerat 19 | 20 | ns 
E toY CC 12 | 13° [ns 


power dissipation 
capacitance per package 


GND =0 V; Tamb = 25 °C: t, = tf = 6 ns 


Notes 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x VCC’ x fj + © (CL x VEC? x fo) where: 


fj = input frequency in MHz 
fo = output frequency in MHz 
2 (Cy x Voc? x fg) = sum of outputs 


CL 
Vcc 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT151P: 


16-lead DIL; plastic (SOT-382Z). 


PC74HC/HCT151T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


SYMBOL 


4,3, 2, 1, 15, 
14, 13, 12 


GND 
So, $1, S2 


7293155 


Fig. 2 Logic symbol. 


multiplexer inputs 


Y multiplexer output 
Y complementary multiplexer output 
E enable input (active LOW) 
ground (0 V) 
select inputs 
positive supply voltage 


NAME AND FUNCTION 


NS OO Ff WO NM = O ND 


7293156 


Fig. 3 IEC logic symbol. 
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PC74HC/HCT151 
MSI 


311 


7293158 


i 


Fig. 5 Logic diagram. 
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8-input multiplexer PC74HC/HCT151 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V;t, = tg= 6 ns; Cy = 50 pF 


SYMBOL 


tPHL/ 
tPLH 
tPHL/ 
tPLH 
tpHL/ propagation delay 
tPLH Sp to Y 

tpHL/ propagation delay 
tpLH Spy to Y 

tpHL/ propagation delay 
tPLH Eto Y 

tPHL/ 
tPLH 
tTHL/ 
tTLH 


Tamb (°C) TEST CONDITIONS 


74HC 
UNIT | Vcc | WAVEFORMS 
2010 +65 | ~a0 0 +125 : 
= 

2.0 
4.5 Fig. 6 
2.0 
4.5 Fig. 6 
6.0 
2.0 
4.5 Fig. 7 
6.0 
2.0 
4.5 Fig. 7 
6.0 
2.0 
4.5 Fig. 7 

Figs 6 and 7 


PARAMETER 


NO 
ol 
ol 


Ot OPN 
ouo 


propagation delay 
In to Y 


— — (I 
O61 CO RN 
NW = 
ohn 

oO 
GW ND 
“GO — 

ol 


ho 
WO—_ 


propagation delay 
In to Y 


NO Ww 
o— 


propagation delay 
Eto Y 


Ww 
Oo 


21 


output transition time 


‘ =—N OO 
On 

WO BN 

o~ oO 

o1 

f& O1N 

QO O1 

o1 
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PC74HC/HCT151 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘’HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND=0V; t, =t¢=6 ns; CL = 50 pF 


SYMBOL | PARAMETER 


tpHt/ propagation delay 
tPLH In to Y 

tpH/ propagation delay 
tPLH In to Y 

tpy/ propagation delay 
tPLH Sn to Y 

tpH/ propagation delay 
tPLH Sn to Y 

tpHL/ propagation delay 
tPLH Eto Y 

tpHL/ propagation delay 
tPLH Eto Y 

tTHL/ output transition time 
tTLH 


nN < 
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8-input multiplexer PC74HC/HCT151 
MSI 


AC WAVEFORMS 


Sq, © OUTPUT 


PHL 


Y OUTPUT Y OUTPUT 


Y OUTPUT Y OUTPUT 
7293159 wl le try THLE > EROS 160 

Fig. 7 Waveforms showing the select input (S,) 
Fig. 6 Waveforms showing the multiplexer input and enable input (E) to outputs (Y and Y) 
(I,) to outputs (Y and Y) propagation delays propagation delays and the output transition 
and the output transition times. times. 


Note to AC waveforms 


(1) HC : Viv = 50%; V; = GND to Vcc: 
HCT: Vpy =1.3V; VV) =GND to 3V. 
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PC74HC/HCT 153 
MSI 


DUAL 4-INPUT MULTIPLEXER 
FEATURES 


@ Non-inverting outputs 

@ Separate enable for each output 

@ Common select inputs 

@ See ‘253” for 3-state version 

@ Permits multiplexing from 

n lines to 1 line 

Enable line provided for cascading 
(n lines to 1 line) 

@ Output capability: standard 

® Icc category: MSI 


GENERAL DESCRIPTION 

The 74HC/HCT153 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT 153 have two identical 
4-input multiplexers which select two bits 
of data from up to four sources selected 
by common data select inputs (So, $1). 
The two 4-input multiplexer circuits have 
individual active LOW output enable 
inputs (1E, 2E) which can be used to 
strobe the outputs independently. 

The outputs (1Y, 2Y) are forced LOW 
when the corresponding output enable 
inputs are HIGH. 


The ‘'153” is the logic implementation of 

a 2-pole, 4-position switch, where the 

position of the switch is determined by 

the logic levels applied to Sg and S4. 

The logic equations for the outputs are: 

1Y = 1E.(119.S4.Sgt114.57.Sg+ 
+119.S1.S9+113.S4.So) 

2Y = 2E.(219.S1.Sq+214.S7.Sot+ 
+219.S1.S9+213.S7.Sq) 


(continued on next page) 


7293124 


Fig. 1 Pin configuration. 
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TYPICAL 
SYMBOL PARAMETER CONDITIONS 
HCT 


propagation delay 
Ip, Zip to nY 
Sn to nY 
nE to nY 


Notes 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fi + = (CL x VCC? x fo) where: 
fj input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz Vcc supply voltage in V 
Z (Cy x Vcc? x fg) = sum of outputs 
2. For HC the condition is Vj = GND to VCC 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


notes 1 and 2 


GND = 0 V; Tampb = 25 °C; t, = ty = 6 ns 


Il 
i il 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT153P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT153T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


1E, 2E 
So, $1 
11g to 113 
TY. 

GND 

2Y 

2lg to 213 


output enable inputs (active LOW) 
common data select inputs 

data inputs from source 1 
multiplexer output from source 1 
ground (0 V) 

multiplexer output from source 2 
data inputs from source 2 

positive supply voltage 


10, 11, 12, 13 
16 


7293125 7293126 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 


Dual 4-input multiplexer PC74HC/HCT 153 
MS! 


GENERAL DESCRIPTION (cont.’ed) 


The “153” can be used to move data to a 


2 
ae common output bus from a group of 


registers. The state of the select inputs 
waieeipceMen would determine the particular register 
from which the data came. An alternative 


application is a function generator. The 
4 


device can generate two functions or 
three variables. This is useful for 
implementing highly irregular random 
2 logic. 
7 9 7293127 


The ‘'153” is similar to the 253” 
Fig. 4 Functional diagram. but has standard outputs. 


FUNCTION TABLE 


OUTPUT 


ENABLE OUTPUT 


H = HIGH voltage level 
L = LOW voltage level 
X = don’t care 


oe ee ee ee <= 


7293130 


Fig. 5 Logic diagram. 
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PC74HC/HCT 153 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘““HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; ty = t¢ = 6 ns; CL = 50 pF 


TEST CONDITIONS 


SYMBOL | PARAMETER WAVEFORMS 


V 

propagation delay 2.0 
1lp to ny; 
2In to nY 


propagation delay 
Sn tonY 


propagation delay 
nE tonY 


output transition time 
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Dual 4-input multiplexer PC74HC/HCT153 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


nape unit load 
p coefficient 


ln, 2l, | 0.45 
0.60 


AC CHARACTERISTICS FOR 74HCT 


GND =0 V; ty =t¢=6 ns; C, = 50 pF 
Tamb (°C) TEST CONDITIONS 


74HCT 
SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS 
~aote +85 | —A0%0 1125 ¢ 
in [oe [| in| mae i [me 
propagation delay 
tPHL TI, to nY; 34 43 51 Fig. 6 
ZI, to nY 
propagation delay 
tPLH TI, to nY; 13 | 24 30 36 i 
2I, tonY 
tpHt/ propagation delay 
tPLH Sp to nY 


tpHL/ propagation delay 14197 34 
tPLH nE tony 


tTHL/ output transition time 
tTLH 
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PC74HC/HCT153 
MSI 


AC WAVEFORMS 


nt INPUT 


nY OUTPUT 


7293128 awl etry 


Fig. 6 Waveforms showing the input (1Ih, 21n) 
to output (1Y, 2Y) propagation delays and the 
output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; V) = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 
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S,,nE INPUT 


nY OUTPUT 


7293129 ‘THL—! |< 


Fig. 7 Waveforms showing the select input (So, 
$7) and the output enable input (E) to output 
(1Y, 2Y) propagation delays and the output 
transition times. 


PC74HC/HCT 154 
MS! 


4-TO-16 LINE DECODER/DEMULTIPLEXER 


FEATURES 


® 16-line demultiplexing capability 

@ Decodes 4 binary-coded inputs into 
one of 16 mutually exclusive outputs 

@ 2-input enable gate for strobing or 
expansion 

@ Output capability: standard 

® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT 154 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT154 decoders accept 

four active HIGH binary address inputs 
and provide 16 mutually exclusive active 
LOW outputs. 

The 2-input enable gate can be used to 
strobe the decoder to eliminate the normal 
decoding “‘glitches” on the outputs, or it 
can be used for the expansion of the 
decoder. 


The enable gate has two AND’ed inputs 
which must be LOW to enable the outputs. 
The ‘’154” can be used as a 1-to-16 


demultiplexer by using one of the enable 
inputs as the multiplexed data input. 


When the other enable is LOW, the 
addressed output will follow the state of 
the applied data. 


7287435 


Fig. 1 Pin configuration. 


SYMBOL 


PARAMETER UNIT 


TYPICAL 
CONDITIONS 
peWel Tissibanion notes1and2 | 60 | 60 | pF 
capacitance per package 


propagation delay 
An, En to Yn- 


GND = 0 V; Tamb = 25 °C; ty = tz = 6 ns 


Notes 


1. 


Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp = Cpp x Vcc’ x fj + 2 (CL x VCC’? x fo) where: 


fj = input frequency in MHz CL 
fo = output frequency in MHz VCC 
2 (Cy x Voc? x fo) = sum of outputs 


output load capacitance in pF 
supply voltage in V 


. For HC the condition is Vj = GND to Vcc 


For HCT the condition is V} = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT154P: 24-lead DIL; plastic (SOT-101A). 
PC74HC/HCT154T: 24-lead mini-pack; plastic (SO-24; SOT-137A). 


PIN DESCRIPTION 


PINNO, SYMBOL NAME AND FUNCTION 


23, 22, 21, 20 
24 positive supply voltage 


outputs (active LOW) 


enable inputs (active LOW) 
ground (0 V) 
address inputs 


7287484 


7287485 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT 154 
MSI 


DECODER 


O) e e O O) O) 
a A eR Fig. 4 Functional diagram. 


7287434 


FUNCTION TABLE 


INPUTS OUTPUTS 


Se SS 


Peer PEs 
crooe cece cee pea 
reir Lear =aeser zeae <x 
Lc rc Ler Serer LEE! UK OX 
Sear Foe r fairs reece kx 
Perr Lars rere rere. <x 
a oles ies Wis Sig wees els oer MRD eles ide cs MM ee des oo ae lg 
Pax Set Lasts. Tees STs 
SEttt arts arts Se ST TTS 
Perr Stet Bete a aa 
Trix Poet. Let Lace <a 
oo aie a SS is mie oe a ie oe! aaa RM as i es A ge 
2 oh ie es RE Oo es ae RS ole mh RM a pe is A es 
Tres Lic rats. 22s Sas 
Sra tae as eS ee 
Sr. Lees Lets Crt. ees 
Sra. ‘Tres Bee Sas. Bas 
Set t Pees Sas eS SS 
Sree are aS: ee SS 
Ser Lec re trT Tees aS 
ope ras Lees. Pest 2S 
Pret Ter Tes —— ee ie 


re ee a cCrcer re ee 


Ce 


H = HIGH voltage level L = LOW voltage level X = don’t care 


feteh Sinoreestnirniesr ames 


VV VV VV VV VV VV VY VV 


J 7 : Fig. 5 Logic diagram. 
Yi2, Yi, Yaa. Y15 
7287436 
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4-to-16 line decoder/demultiplexer PC74HC/HCT 154 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘“Family specifications’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; t, = tg = 6 ns; Cy = 50 pF 


TEST CONDITIONS 
SYMBOL | PARAMETER 


tpHt/ propagation delay a5 
tPLH An to Yn 6.0 
z 2.0 
tpHL/ propagation delay 45 Fig 
tPLH En to Yn } | 6.0 
4 2.0 
tTHL/ output transition time 4.5 Figs 6 and 7 
tTLH 6.0 
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PC74HC/HCT 154 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MS! 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t, = te = 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
—40to +85 | —40to +125 V 
vat im 


tpHL/ propagation delay 

tPLH An to Yn 

tpHL/ propagation delay 30 
tPLH Ep to Yn 


4.5 Figs 6 and 7 


NO Oo 
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PC74HC/HCT 154 
MSI 


4-to-16 line decoder/demultiplexer 


AC WAVEFORMS 


A,, INPUT 


Y, OUTPUT 


t 
7287483 THL—! |= 7287482 <—'TLH 


Fig. 7 Waveforms showing the enable input (En) 
to output (Y,,) propagation delays and the 
output transition times. 


Fig. 6 Waveforms showing the address input (Ap) 
to output (Y,) propagation delays and the 
output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; V) = GND to V¢c. 
HCT: Vy = 1.3V; V) = GND to 3V. 
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PC74HC/HCT157 
MSI 


326 


QUAD 2-INPUT MULTIPLEXER 


FEATURES 


e Non-inverting data path 
® Output capability: standard 
® Icc category: MSI 


GENERAL DESCRIPTION 

The 74HC/HCT157 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT157 are quad 2-input 
multiplexers which select 4 bits of 

data from two sources under the control 
of a common data select input (S). 

The four outputs present the selected 
data in the true (non-inverted) form. 

The enable input (E) is active LOW. 
When E is HIGH, all of the outputs (1Y to 
AY) are forced LOW regardless of all other 
input conditions. 

Moving the data from two groups of 
registers to four common output buses 

is acommon use of the ‘‘157”. The state 
of the common data select input (S) 
determines the particular register from 
which the data comes. It can also be used 
as function generator. 

The device is usefull for implementing 
highly irregular logic by generating any 
four of the 16 different functions of two 
variables with one variable common. 

The “‘157” is the logic implementation of 
a 4-pole, 2-position switch, where the 
position of the switch is determined by 
the logic levels applied to S. 

The logic equations are: 

1Y¥ = E.(114.S + 119.5) 

2Y = E.(214.S +2Io.5) 

3Y = E.(314.S + 319.5) 

4Y = E.(414.S + 41p.S) 


The “157” is identical to the 158” 
but has non-inverting (true) outputs. 


 7Z90970 


Fig. 1 Pin configuration. 
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TYPICAL 
SYMBOL PARAMETER CONDITIONS : UNIT 
propagation delay 
tPpHL/ nig, nly tonY 11 13 ns 
tPLH E tonY 12 ns 
S tonY 19 ns 
input capacitance me pF 
: power dissipation 
CPD capacitance per multiplexer notes | and 2 70) 70 |e 


GND =Q V; Tamb = 25 °C; ty = tf = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fi + = (CL x Vcc’ x fo) where: 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz Vcc = supply voltage in V 
x (Cy x Vec? x fo) = sum of outputs 

2. For HC the condition is V} = GND to Vcc 


For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT157P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT157T: 16-lead mini-pack; plastic (SO-16;SOT-109A). 


PIN DESCRIPTION 


NAME AND FUNCTION 


SYMBOL 


S common data select input 
2,5, 11, 14 11g to 4g data inputs from source 0 
3,6, 10, 13 114 to 414 data inputs from source 1 
4,7,9, 12 1Y to 4Y multiplexer outputs 
8 GND ground (0 V) 
15 E enable input (active LOW) 
16 Vcc positive supply voltage 


7290971 
7296972 


Fig. 2 Logic symbol. 


Fig. 3 IEC logic symbol. 


Quad 2-input multiplexer PC74HC/HCT157 
MSI 


FUNCTION TABLE 


L 


SELECTOR 


0 MULTIPLEXER OUTPUTS 
ae ae ee 
, 4 7 9 


Fig. 4 Functional diagram. 


H = HIGH voltage level 
L = LOW voltage level 


12 X = don’t care 
7290973 


By 


VY VV VV VY VY VY 


7290974 


Fig. 5 Logic diagram. 
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PC74HC/HCT 157 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘-HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =O V; t, = t= 6 ns; C, = 50 pF 


Tamb (°C) 


SYMBOL | PARAMETER 


propagation delay 
nlg tony; 
nly to nY 


. Propagation delay 
E tonY 


propagation delay 
S to nY 


output transition time ; Figs 6 and 7 
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PC74HC/HCT157 
MSI 


Quad 2-input multiplexer 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V;t, = t= 6 ns; Cy = 50 pF 


SYMBOL | PARAMETER 


propagation delay 
nlg tony; 
nlq4 tony 


| [ele 
tpHL/ propagation delay 
tpHL/ propagation delay 4 
tTHL/ output transition time 7 15 
tTLH 
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PC74HC/HCT157 
Msi 


AC WAVEFORMS 


E INPUT 


nY OUTPUT 


7290976 THL lee 


Fig. 6 Waveforms showing the enable input (E) 
to output (nY) propagation delays and the 
output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; V) = GND to Vcc. 
HCT: Vay = 1.3V; Vj = GND to3V. 
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nig, nt,,S 


nY QUTPUT 


7290976 


Fig. 7 Waveforms showing the data inputs (n!,) 
and common data select input (S) to output (nY) 
propagation delays. 


QUAD 2-INPUT MULTIPLEXER; INVERTING 


FEATURES 


® Inverting data path 
@ Output capability: standard 
®@ Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT158 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT 158 are quad 2-input 
multiplexers which select 4 bits of data 
from two sources and are controlled by 

a common data select input (S). The four 
outputs present the selected data in the 
inverted form. The enable input (E) is 
active LOW. 


When E is HIGH, all the outputs (1Y to 
4Y) are forced HIGH regardless of all 
other input conditions. 


Moving the data from two groups of 
registers to four common output buses 
is acommon use of the ‘158’. The state 
of S determines the particular register 
from which the data comes. It can also 
be used as a function generator. 


The device is useful for implementing 
highly irregular logic by generating any 
four of the 16 different functions of two 
variables with one variable common. 


The “158” is the logic implementation of 
a 4-pole, 2-position switch, where the 
position of the switch is determined by 
the logic levels applied to S. 


The logic equations for the output are: 
1¥ = E.(114.S + 119.5) 
2Y = E.(214.S + 29.5) 
3Y = E.(314.S + 31.5) 
AY = E.(414.S + 419.5) 


The “158” is identical to the 157” 
but has inverting outputs. 


~ 7Z87438.1 


Fig. 1 Pin configuration. 


SYMBOL PARAMETER 
propagation delay 
tPHL/ nig, nly to nY 
tPLH E tony 
S to nY 
C| input capacitance 
power dissipation 
Cpp capacitance per 


multiplexer 
GND =O V; Tamb = 25 °C; ty = te = 6 ns 


Notes 


PC74HC/HCT 158 
MSI 


TYPICAL 


CONDITIONS 


notes 1 and 2 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fi + 2 (CL x Vcc? x fo) where: 


fj = input frequency in MHz 
fo = output frequency in MHz 
2 (Cy x Voc? x fy) = sum of outputs 


CL 
VCC 


output load capacitance in pF 
supply voltage in V 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vec — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT 158P: 
PC74HC/HCT 158T: 


PIN DESCRIPTION 
SYMBOL 


1 S 
2,5, 11, 14 
3, 6, 10, 13 


1lqg to 49 
114 to 4ly 


4,7,9, 12 1¥ to 4Y 


16-lead DIL; plastic (SOT-38Z). 
16-lead mini-pack, plastic (SO-16; SOT109A). 


common data select input 
data inputs from source 0 
data inputs from source 1 
multiplexer outputs 


8 i ground (0 V) | 
15 enable input (active LOW) 


16 positive supply voltage 


7287493 


Fig. 2 Logic symbol. 


7287494.4 


Fig. 3 !EC logic symbol. 
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PC74HC/HCT158 
MSE” 


FUNCTION TABLE 


he MULTIPLEXER 
e 


_ OUTPUTS 


e e OO e@ 
4 7 


12 
7Z287437.1 


H = HIGH voltage level 
Fig. 4 Functional diagram. L = LOW voltage level 


X = don't care 


ie oy a 


YV VV VV VV VY VY 


te 


7Z87439.1 


Fig. 5 Logic diagram. 
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PC74HC/HCT 158 
MSI 


Quad 2-input multiplexer; inverting 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND = OV; t, = ts = 6 ns; C; = 50 pF 
TEST CONDITIONS 


74HC 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
oe mm | in| |i [ma 

41 | 125 155 190 2.0 
tPHL/ —|_ Propagation delay 15 | 25 31 38 4.5 | Fig. 7 
tPLH nlg, nly tonY 12 | 21 26 32 6.0 

2.0 
tpHi/ propagation delay 45 Fig. 6 
tPLH E to ny 6.0 , 

47 | 145 180 220 2.0 
tPHL/ propagation delay 17 | 29 36 44 4.5 | Fig. 7 
tPLH S to nY 14 | 25 31 38 6.0 

; 2.0 

tTHL 7 4.5 | Figs 6 and 7 
tTLH 


output transition time 
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PC74HC/HCT 158 


334 


MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t, = tr =6ns; Cy = 50 pF 


TEST CONDITIONS 


Tamb (°C) 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
+25 —40to +85 | —40to +125 Vv 
ve loin 
propagation delay : 


propagation delay 
E tonY 


hh 
o1 


propagation delay . 
S to nY 


output transition time 


wd —_ 
re) 

wW Ww Ww 

© 
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Quad 2-input multiplexer; inverting 


AC WAVEFORMS 


E INPUT 


nY OUTPUT 


7287492 tTHL 


Fig. 6 Waveforms showing the enable input (E) 
to output (nY) propagation delays and the 
Output transition times. 


Note to AC waveforms 
(1) HC : Vyy = 50%; V;} = GND to Vcc. 
HCT: Vy = 1.3 V; Vj = GND to 3V. 


PC74HC/HCT 158 
MSI 


nY OUTPUT 


7287491 


Fig. 7 Waveforms showing the data input (nl, 
nl1) to output (nY) propagation delays and 
the output transition times. 
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PC74HC/HCT160 
MSI 


PRESETTABLE SYNCHRONOUS BCD DECADE COUNTER; ASYNCHRONOUS RESET 


FEATURES 


@ Synchronous counting and loading 
@® Two count enable inputs for n-bit 
cascading 

Positive-edge triggered clock 
Asynchronous reset 

Output capability: standard 

Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT160 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT160 are synchronous 
presettable decade counters which feature 
an internal look-ahead carry and can be 
used for high-speed counting. 
Synchronous operation is provided by 
having all flip-flops clocked 
simultaneously on the positive-going edge 
of the clock (CP). 

The outputs (Qg to Q3) of the counters 
may be preset to a HIGH or LOW level. 

A LOW level at the parallel enable input 
(PE) disables the counting action and 
causes the data at the data inputs (Dg to 
D3) to be loaded into the counter on the 
positive-going edge of the clock (providing 
that the set-up and hold time requirements 
for PE are met). Preset takes place 
regardless of the levels at count enable 
inputs (CEP and CET). 


(continued on next page) 


7293605 


Fig. 1 Pin configuration. 


| TYPICAL | 


UNIT 
ries 


SYMBOL PARAMETER CONDITIONS 


propagation delay 
CP to O, 
CP to TC 
MR to On 
MR to TC 
CET to TC 


propagation delay 
CP to Op, 
CP to TC 
CET to TC 


fmax maximum clock frequency 


input capacitance 


cE 
pene 
eae 


power dissipation 
capacitance per package 


GND = OV; Tamb= 25°C; t, = tp = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x VCC’ x fj + © (CL x VCC? x fo} where: 

fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
x (Cy x Voc? x fg) = sum of outputs 

2. For HC thecondition is Vj} = GND to Vcc 
For HCT the condition is V} = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT160P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT160T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PE Dg Dy Dp D3 


7293609 7293610 


ig. 3 1EC logic symbol. 


Fig. 2 Logic symbol. 
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PC74HC/HCT 160 
MSI 


GENERAL DESCRIPTION (Cont’d.) 


A LOW level at the master reset input 
Pa (MR) sets all four outputs of the flip-flops 
CIRCUITRY 


3 4 . 
eS (Qo to Q3) to LOW level regardless of the 
O} PARALLEL LOAD levels at CP, PE, CET and CEP inputs (thus 
providing an asynchronous clear function). 
The look-ahead carry simplifies serial 


je Qo 
Fs i og ae cascading of the counters. Both count 
INH D enable inputs (CEP and CET) must be 
fr sce coen HIGH to count. The CET input is fed 
DECADE COUNTER 
O Rp 


forward to enable the terminal count 
output (TC). The TC output thus enabled 


2p [Or [2 will produce a HIGH output pulse of a 

14 [13-12 1293615 duration approximately equal to a HIGH 
level output of Qo. This pulse can be used 
to enable the next cascaded stage. 


asynchronous master reset (active LOW) 
clock input (LOW-to-HIGH, edge-triggered) 
data inputs 
count enable input 
ground (0 V) 
parallel enable input (active LOW) 
count enable carry input 
14, 13, 12, 11 | flip-flop outputs 
15. terminal count output 
16 positive supply voltage 


Note to function table 
* The TC output is HIGH when CET is HIGH and the counter is at terminal count (HLLH). 


HIGH voltage level 

HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 
LOW voltage level 

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
lower case letters indicate the state of the referenced output one set-up time 
prior to the LOW-to-HIGH CP transition 

don’t care 

LOW-to-H!IGH CP transition 


iow uot ou 


-x% OAO7ArIL 
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Presettable synchronous BCD decade counter; asynchronous reset PC74HC/HCT160 
MSI 


eenre count -—————+ |=___-- inhibit —-—_» 


reset preset 
7293625 


Fig. 5 State diagram. Fig. 6 Typical timing sequence: reset outputs to zero; preset.to 


BCD seven; count to eight, nine, zero, one, two and three; inhibit. 


0 Ecos teeecesl cies a ial bees 


y 


7293629 


Fig. 7 Logic diagram. 
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PC74HC/HCT 160 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section “Family specifications”. 


Output capability: standard 
Icc category: MSI , 


AC CHARACTERISTICS FOR 74HC 
GND =0 V;t, = t¢ = 6 ns; CL = 50 pF 


SYMBOL | PARAMETER 


propagation delay 


iz TEST CONDITIONS 
UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 | —40to +125 Vv 
om [am [ne [oe [me 
280 
56 
48 


2.0 
4.5 Fig. 8 
6.0 


NM OD mNO 

oOo © on — 

WBN WwW = 

On = =~ © 
© on 

Ph O1N GQ PN 

ow Om om w 
ol © 

NO 
o1 oD 
& Ww 


> 
~J 
= 
oO 
Oo 
= 
Le) 
o) 


propagation delay 225 


tPLH CET to TC 


= 
~ 
w 
jo) 
WwW 
fee) 


Fig. 10 


OL 
oo 


CP to O, ns 
69 | 215 270 325 2.0 
propagation delay o | 43 =i aa oe Ze si 
CP to TC peace a sta ue 
propagation delay 315 
ae MR to On ns Fig. 9 
propagation delay 330 
*PHL MR to TC 66 Fig. 9 


THL output transition time Figs 8 and 10 


tTLH 


NO 
NO 
= 
© 
oO 


clock pulse width 
HIGH or LOW 


oO 


Fig. 8 


Oo 


17 36 


SoS TS OFS Se Pe ree er ee ne 
OnUNo;/OMoO;/OMND;/OMND|OMO 


NO NN — —_— — © — A) = — — (<O — = © 
gs85 WNW IEP OOINOO!NWOO!] POO 
io) on oO 

NON O& 

ooo 

W PN 

“WBN 

i=) 

01 NO 

~~ OTs 

on 


22 
19 
master reset pulse width oe a ee ra Fig. 9 
cow 8 20 23 6.0 
| eet of fas] [wol TS [2° |e, 
rem Viie¥ ‘ 3 
MR IOEE 9 21 26 6.0 
Seip ditt 22 100 120 2.0 
t : 8 20 27 ns 45 | Fig. 11 
Su Dy, to CP 6 17 20 6.0 ; 
saoveaine AI 170 205 2.0 | 
wR ee ee 
sehneuite 63 250 300 2.0 
tsu CEP, CET to CP ops re 2 oes 
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Presettable synchronous BCD decade counter; asynchronous reset PC74HC/HCT160 
MSI 


Tamb (°C) TEST CONDITIONS 
SYMBOL | PARAMETER WAVEFORMS 


hold time A , 
; Figs 1 d 12 
hold time : : 
BE to CP ; Figs 11 and 12 
hold time ‘ . 
; Figs 11 12 
maximum clock pulse Fig. 8 
frequency 
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PC74HC/HCT160 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications”. 


Output capability: standard 
icc category: MSI 
Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


UNIT LOAD 
COEFFICIENT 


0.95 
0.80 
0.25 


AC CHARACTERISTICS FOR 74HCT 
GND =O V;t, = t= 6 ns; Cy = 50 pF 


TEST CONDITIONS 


s UNIT | Vcc | WAVEFORMS 
—40 to +125 | y 
cs ° 
72 ns 4.5 

= |: 


ca | 


SYMBOL | PARAMETER 


propagation delay 
CP to Q, 


propagation delay 
CP to TC 


propagation delay 
CP to TC 


propagation delay 
MR to Q, 


| 


propagation delay 
MR to TC 


propagation delay 
CET to TC 


propagation delay 
CET to TC 


output transition time 


clock pulse width 
HIGH or LOW 


> 
on 


master reset pulse width 
LOW 


removal time 
MR to CP 


set-up time 
Dy, to CP 


set-up time 
PE to CP 


set-up time 
CEP, CET to CP 
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Presettable synchronous BCD decade counter; asynchronous reset PC74HC/HCT160 
MSI 


2 TEST CONDITIONS 
SYMBOL | PARAMETER 


hold time Figs 11 and 12 
Dr, to CP esis 
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PC74HC/HCT 160 
MSI 


AC WAVEFORMS 


CP INPUT 


CP INPUT 


OUTPUT 
2 is Fe 


7293621 OUTPUT 


7293623 


Fig. 8 Waveforms showing the clock (CP) to outputs (Q,, TC) Fig. 9 Waveforms showing the master reset (MR) pulse width, 
propagation delays, the clock pulse width, the output transition the master reset to output (Q,, TC) propagation delays and 
times and the maximum clock frequency. the master reset to clock (CP) removal time. 


PE INPUT i 


CET INPUT 


CP INPUT 


TC OUTPUT 


7293622 


Q,, OUTPUT 


7293620 


Fig. 10 Waveforms showing the input (CET) to output (TC) Fig. 11 Waveforms showing the data set-up and hold times 
propagation delays and output transition times. for the input {D,,) and parallel enable input PE. 


CEP, CET V/; 


Note to Figs 11 and 12 
Y/, ) The shaded areas indicate when the input is permitted to 
ar change for predictable output performance. 


17 


CP INPUT 
Note to AC waveforms 

(1) HC : Vy = 50%; Vj = GND to Vcc. 
Fig. 12 Waveforms showing the CEP and CET set-up and HCT: Vy = 1.3 V; Vj = GND to 3V. 
hold times. 


7Z93619 
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PC74HC/HCT161 
MSI 


PRESETTABLE SYNCHRONOUS 4-BIT BINARY COUNTER; ASYNCHRONOUS RESET 


TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 


FEATURES 


® Synchronous counting and loading 
® Two count enable inputs for n-bit 
cascading 


© Positive-edge triggered clock Se ae delay 

® Asynchronous reset tpH_/ CP to TC 

© Output capability: standard tPLH MR to OQ, 

® Icc category: MSI MR to TC 26 
CET to TC 14 


GENERAL DESCRIPTION 


The 74HC/HCT161 are high-speed 

Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT161 are synchronous 
presettable binary counters which feature 
an internal look-ahead carry and can be 
used for high-speed counting. 


maximum clock frequency ca 
eee ne 
power dissipation 


GND = 0 V; Tamb = 25°C; ty = te = 6 ns 


Notes 
Synchronous operation is provided by . : . . rae eee “7 uW): 
having all flip-flops clocked 1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
simultaneously on the positive-going edge Pp =Cpp x Vcc’ x fj + = (CL x VCC? x fo) where: 
of the clock (CP). fj = input frequency in MHz CL = output load capacitance in pF 
The outputs (Qo to Q3) of the counters fo = output frequency in MHz VCC = supply voltage in V 


may be preset to a HIGH or LOW level. = (Cy x Vec? x fo) = sum of outputs 


le input 
A LOW level at the parallel enable inpu 2. For HC the condition is Vj = GND to Vcc 


(PE) disables the counting action and Base ee bese 
causes the data at the data inputs (Dg to For HCT the condition is Vj = GND to Vcc — 1.5 V 


D3) to be loaded into the counter on the 
positive-going edge of the clock (providing ORDERING INFORMATION/PACKAGE OUTLINES 


that the set- d hold time i ents 
nena Lege mal PC74HC/HCT161P: 16-lead DIL: plastic (SOT-382Z). 


for PE are met). Preset takes place a 
sacardiess of dhe levelsatecunt enable PC74HC/HCT161T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


inputs (CEP and CET). 


(continued on next page) 


13. 12 «11 
7293609 


7293606 7293611 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT 161 
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GENERAL DESCRIPTION (Cont’d.) ) 


ere A LOW level at the master reset input 
a ee (MR) sets all four outputs of the flip-flops 
(Qo to Q3) to LOW level regardless of the 
O| PARALLEL LOAD CIRCUITRY levels at CP, PE, CET and CEP inputs (thus 
providing an asynchronous clear function). 


ae ee ae The look-ahead carry simplifies serial 
Tr _| cascading of the counters. Both count 
——1 enable inputs (CEP and CET) must be 
= HIGH to count. The CET input is fed 
a BINA COUNTER forward to enable the terminal count 
output (TC). The TC output thus enabled 
Ca Coe re will produce a HIGH output pulse of a 
14 13 12 


annie duration approximately equal to a HIGH 
level output of Qo. This pulse can be used 
to enable the next cascaded stage. 


asynchronous master reset (active LOW) 
clock input (LOW-to-HIGH, edge-triggered) 
data inputs 
count enable input 
ground (0 V) 
parallel enable input (active LOW) 

10 count enable carry input 

14, 13, 12, 11 flip-flop outputs 

15 terminal count output 

16 positive supply voltage 


Note to function table 
* The TC output is HIGH when CET is HIGH and the counter is at terminal count (HHHH). 


HIGH voltage level 

HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 
LOW voltage level 

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
lower case letters indicate the state of the referenced output one set-up time 
prior to the LOW-to-HIGH CP transition 

don’t care 

LOW-to-HIGH CP transition 


hou uw a 


-x«x #A-rTT 
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Presettable synchronous 4-bit binary counter; asynchronous reset PC74HC/HCT161 
MSI 


12 13 14 «15 0 1 2 


Pema count 


——_—— inhibit —-———> 
reset preset 
7293626 
Fig. 6 Typical timing sequence: reset outputs to zero; preset to 
binary twelve; count to thirteen, fourteen, fifteen, zero, one and 


two; inhibit. 


Fig. 5 State diagram. 


7233630 
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PC74HC/HCT161 
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DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 
Output capability: standard — 

Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; t, = te = 6 ns; Cy = 50 pF 


SYMBOL | PARAMETER 


+25 —40to+85 | —40t 


° 

+ 
—_ 
NO 
o1 


ot 


yp. 


Tamb (°C) TEST CONDITIONS 
UNIT 


74HC 
cc | WAVEFORMS 


W- 
Co 
© 


propagation delay 


CP to O, Fig. 8 


32 


ASS 
ioe) 


propagation delay 
CP to TC 


MR to OQ, 18 | 36 


fo & BN 
(-) oO 


Vv 
Vv 
2.0 
4.5 
6.0 
325 2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 


ns 
ns 
ns 


ON! On mR W]e NO NO NO NO — NO 
NO O}]ONMW] AO Ww WW), Ono | ON — 

& NO 

N 

jo) 


NN - 
— O1N 
on 


propagation delay 220 275 
MR to TC Be ts Fig. 9 
propagation delay 150 190 225 
CET to TC oe - 45 Fig. 10 
7 110 2.0 
output transition time 15 22 4.5 Figs 8 and 10 
6 19 6.0 


N&O = 
OW oO 
on 

Ww 

Ww 

oO 


2.0 
4.5 | Fig.8 
6.0 


ty clock pulse width ee 4 
HIGH or LOW 19 5A 
master reset pulse 60 | 19 120 2.0 
tw a 16 |7 4.5 
width; LOW 14.16 


: 150 
removal time 


MR to CP 


— A) — 
OO 
(an) 
— = (0 W WwW Oo 
moO or; WO ~ Ol 
NO NO NO 
[o> a>) of 
OAD 
© oro 


hold time 
Dn, PE, CEP, 
CET to CP 


4.5 Figs 11 and 12 


100 
20 {7 
17 |6 
‘ set-up time te = bh ae Te Fa Fig. 11 
Su D, to CP 14 1/7 17 20 6.0 
su PE to CP 17 19 21 26 6.0 
ecu 170 | 47 215 255 2.0 
tsu CEP, CET to CP Selle a * | 60 


lock pul fa as 
asada clock pulse 18 15 MHz 4.5 Fig. 8 
equency 21 18 6.0 


& S er ee 
oo Boo 
pp 


Ww 
oO 


January 1986 


Presettable synchronous 4-bit binary counter; asynchronous reset PC74HC/HCT 161 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘‘Family specifications”. 


Output capability: standard 
Icc category: MS! 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 
UNIT LOAD INPUT UNIT LOAD 
COEFFICIENT COEFFICIENT 
Dr 
CET 
PE 


0.25 
0.75 
0.30 


0.95 
0.80 
0.25 


AC CHARACTERISTICS FOR 74HCT 
GND =0 V; t, = te = 6 ns; C; = 50 pF 


Tamb (°C) 
74HCT 
SYMBOL |; PARAMETER 
—40 to +85 )-40t0 +125 | to +125 


tpy/ propagation delay 

tpy/ propagation delay 

tpl CP to TC 
propagation delay 
MR to QO, 


propagation delay 
tpy/ propagation delay 
tPLH CET to TC 


output transition time 


TEST CONDITIONS 


UNIT Yeo WAVEFORMS 


ao 
: 
: 
Fig. 9 

Fig. 10 

Figs 8 and 10 

Fig. 8 

Fig. 9 

Fig. 9 

Fig. 11 

Fig. 11 

Fig. 12 


Figs 11 and 12 
= a 


+ 
< 
xo] 


ol ~ ©?) ™~ 
Oo ~~ © NO 


~N => w NO NO NO 
“Sw fen) eo) ie2) (é%) 


NO 
NO 


<= 
N 


clock pulse width 
HIGH or LOW 


master reset pulse 
width; LOW 
: removal time 
rem MR to CP 


set-up time 
Dy to CP 


set-up time 
PE to CP 
set-up time 
CEP, CET to CP 


hold time 
Dn, PE, CEP, 
CET to CP 


NO 
NO 


NO NO 
BE 


— Ww b p 
on o oo Ww 


pars a NO Ww Ww Ww 
ol on N (=) io) Ww 


f | ~~ ~_ ack oe] 
= SJ ~ ~S io) 
o1 Ww NO NO RO ND 


NO os ie) 
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PC74HC/HCT161 
MSI 


AC WAVEFORMS 


CP INPUT 


OUTPUT 


7293621 


Fig. 8 Waveforms showing the clock (CP) to outputs (Q,, TC) 
propagation delays, the clock pulse width, the output transition 
times and the maximum clock frequency. 


CET INPUT 


TC OUTPUT 


7293622 


Fig. 10 Waveforms showing the input (CET) to output (TC) 
propagation delays and output transition times. 


CEP, CET 


CP INPUT 


7293619 


Fig. 12 Waveforms showing the CEP and CET set-up and 
hold times. 
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CP INPUT 


o,1c 
OUTPUT 


7293623 


Fig. 9 Waveforms showing the master reset (MR) pulse width, 
the master reset to output (O,, TC) propagation delays and 
the master reset to clock (CP) removal time. 


PE INPUT 


CP INPUT 


D,, INPUT 


Q,, OUTPUT 


7293620 


Fig. 11 Waveforms showing the set-up and hold times for the 
input (Dy) and parallel enable input PE. 


Note to Figs 11 and 12 


The shaded areas indicate when the input is permitted to 
change for predictable output performance. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vj = GND to Vcc. 
HCT: Vy = 1.3 V; Vj = GND to 3V. 


PC74HC/HCT162 
MS! 


PRESETTABLE SYNCHRONOUS BCD DECADE COUNTER; SYNCHRONOUS RESET 


FEATURES 


® Synchronous counting and loading 
@ Two count enable inputs for n-bit 
cascading 

Positive-edge triggered clock 
Synchronous reset 

Output capability: standard 

icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT 162 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT162 are synchronous 
presettable decade counters which feature 
an internal look-ahead carry and can be 
used for high-speed counting. 
Synchronous operation is provided by 
having all flip-flops clocked 
simultaneously on the positive-going edge 
of the clock (CP). 

The outputs (Og to Q3) of the counters 
may be preset to a HIGH or LOW level. 

A LOW level at the paraile! enable input 
(PE) disables the counting action and 
causes the data at the data inputs (Do to 
D3) to be loaded into the counter on the 
positive-going edge of the clock (providing 
that the set-up and hold time requirements 
for PE are met). Preset takes place 
regardless of the levels at count enable 
inputs (CEP and CET). 


For the “162” the clear function is 
synchronous. 


(continued on next page) 


7Z93607 


Fig. 1 Pin configuration. 


rare) 
CONDITIONS UNIT 


SYMBOL PARAMETER 


propagation delay 
CP to Qn 
CP to TC 
CET to TC 


propagation delay 
CP to Q, 
CP to TC 

CET toTC 


GND = 0 V; Tamb = 25°C; t, = tp = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x Vcc? x fo} where: 
fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
2 (Cy x Vec? x fo) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT162P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT162T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


7Z93609 
7293612 


Fig. 2 Logic symbol. ig. 3 IEC logic symbol. 
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PC74HC/HCT 162 
MSI 


GENERAL DESCRIPTION (Cont’d.) 


A LOW level at the master reset input 
Po Pr Po | (MR) sets all four outputs of the flip-flops 
(Qo to Q3) to LOW level after the next 
PARALLEL LOAD CIRCUITRY positive-going transition on the clock (CP) 
‘input (provided that the set-up and hold 
time requirements for MR are met). This 
action occurs regardless of the levels at PE, 
CET and CEP inputs. 
This synchronous reset feature enables the 
designer to modify the maximum count 
with only one external NAND gate. 


The look-ahead carry simplifies serial 
cascading of the counters. Both count 
enable inputs (CEP and CET) must be 
HIGH to count. The CET input is fed 
forward to enable the terminal count 

Fig. 4 Functional diagram. output (TC). The TC output thus enabled 
will produce a HIGH output pulse of a 
duration approximately equal to a HIGH 
level output of Qg. This pulse can be used 
PIN DESCRIPTION to enable the next cascaded stage. 


synchronous master reset (active LOW) 
clock input (LOW-to-HIGH, edge-triggered) 
data inputs 
count enable input 
ground (0 V) 
parallel enable input (active LOW) 
count enable carry input 
14, 13, 12, 11 flip-flop outputs 
15 terminal count output 
16 positive supply voltage 


parallel load 


count 


hold 
(do nothing) 


Note to function table 
* The TC output is HIGH when CET is HIGH and the counter is at terminal count (HLLH). 


HIGH voltage level ; 

HIGH voltage level one set-up ‘time prior to the LOW-to-HIGH CP transition 

LOW voltage level 

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 

lower case letters indicate the state of the referenced output one set-up time prior 
to the LOW-to-HIGH CP transition 

don’t care 

LOW-to-HIGH CP transition 


toi ot ott tt 


—>>x a 7roart 
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Presettable synchronous BCD decade counter; synchronous reset PC74HC/HCT 162 
MSI 


| eo eau | ——_—— inhibit ———_————_e 
reset preset 
7293627 


Fig. 5 State diagram. Fig. 6 Typical timing sequence: reset outputs to zero; preset to 
BCD seven; count to eight, nine, zero, one, two and three; inhibit. 


7293631 


Fig. 7 Logic diagram. 
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PC74HC/HCT 162 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘Family specifications”’. 


Output capability: standard 
Icc category: MS] 


AC CHARACTERISTICS FOR 74HC 


GND = 0 V; ty = ts = 6 ns; Cy = 50 pF 


| : TEST CONDITIONS 
SYMBOL | PARAMETER Vcc | WAVEFORMS 


propagation delay 
CP to OQ, 


— NO O1 

“I = © 
[o) wm 
NO | CO sy 
on 


propagation delay 
CP to TC 


propagation delay 
CET to TC 


Ot 
oo 


© 


NON OD 
oao 
or 
o1 


—N 
On 


Output transition time 


(o>) 


Figs 10, 11 and 12 


clock pulse width 
H!IGH or LOW 


© OO NO 

NO 

i 
a 


= 
Oo 


set-up time 
MR, Dy to CP 


ia 
”n 


OPN LOAN ONAN OPN | ON 
ONnD/onmo!/oONo/oOMo/oOM0!]oOWMO < 


set-up time 
PE to CP 


a= 
ono 


set-up time 
CEP, CET to CP 


hold time 
Dn, PE, CEP, 
CET, MR to CP 


> 
ro) 


maximum clock pulse 
frequency 


NN A Of 
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Presettable synchronous BCD decade counter; synchronous reset PC74HC/HCT 162 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘’ Family specifications”. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
PUT COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT 
GND =OV;t, =t¢=6ns; Cy = 50 pF 


TEST CONDITIONS 


UNIT WAVEFORMS 


SYMBOL | PARAMETER 


—40to+85 | —40to | 4010 +125, 
SOR SEI Cae= 


propagation delay 
eee | ado | 
propagation delay 30 
CP to TC 
Bi 


= 
& 
x 


propagation delay 
CP to TC 


o1 
Oo 

~N Oo 
Dar ; 


propagation delay 
CET to TC 


propagation delay 
CET to TC 


=) 
7) 


=) 
n” 


tTHL/ fos . 7 
tTLH 
clock pulse width 
HIGH or LOW 
set-up time 20 
Dy to CP 


set-up time 
PE to CP 


set-up time 23 
CEP, CET to CP 
set-up time 


a 
= NO w S ol 
o1 £ oO on = 
OO > 
() > 
oO 


Ww > 
NSN 
NO Ww 
aan, ° 
n 


ie) 
7 
ad 

an 


wn n n 


hold time 
Dn, PE, C GEP. 
CET, MR to CP 


i 
° 


maximum clock pulse 
frequency 


—_ 
s 
< 
N 


= 
~ 
NO 
8 
—_ 
pL 
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PC74HC/HCT 162 
MSI 


AC WAVEFORMS 


CP iNPUT 


Fig. 8 Waveforms showing the clock (CP) to outputs (Q,, TC) 
propagation delays, the clock pulse width, the output transition 
times and the maximum clock frequency. 


Q, OUTPUT 


7293620 


Fig. 10 Waveforms showing the set-up and hold times for the 
input (D,) and parallel enable input (PE). 


CP INPUT 


7Z93619 


Fig. 12 Waveforms showing the CEP and CET set-up and 
hold times. 
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CET INPUT 


TC OUTPUT 


7293622 


Fig. 9 Waveforms showing the input (CET) to output (TC) 
propagation delays and output transition times. 


CP INPUT 


7Z93624 


Fig. 11 Waveforms showing the MR set-up and hold times. 


Note to Figs 10, 11 and 12 


The shaded areas indicate when the input is permitted to 
change for predictable output performance. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vj = GND to Vcc. 
HCT: Vy =1.3V; Vj = GND to 3V. 


PC74HC/HCT 163 
MSI 


PRESETTABLE SYNCHRONOUS 4-BIT BINARY COUNTER; SYNCHRONOUS RESET 


FEATURES 


® Synchronous counting and loading 
® Two count enable inputs for n-bit 
cascading 

Positive-edge triggered clock 
Synchronous reset 

Output capability: standard 

Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT163 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT 163 are synchronous 
presettable binary counters which feature 
an internal look-ahead carry and can be 
used for high-speed counting. 
Synchronous operation is provided by 
having all flip-flops clocked 
simultaneously on the positive-going edge 
of the clock (CP). 

The outputs (Qg to Q3) of the counters 
may be preset to a HIGH or LOW level. 

A LOW level at the parallel enable input 
(PE) disables the counting action and 
causes the data at the data inputs (Dg to 
D3) to be loaded into the counter on the 
positive-going edge of the clock (providing 
that the set-up and hold time requirements 
for PE are met). Preset takes place 
regardless of the levels at count enable 
inputs (CEP and CET). 


For the 163” the clear function is 
synchronous. 


(continued on next page) 


7293608 


Fig. 1 Pin configuration. 


CONDITIONS 


SYMBOL PARAMETER 
propagation delay 
tpHL/ CP to QO, 
tpLH CP to TC 
CET to TC 


maximum clock frequency 


power dissipation seise) and 
Capacitance per package 


GND = 0 V; Tamb = 25 °C; ty = tf = 6 ns 


17 20 
21 25 
11 14 
50 
5 


2 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + © (CL x Vcc? x fo) where: 
output load capacitance in pF 


Notes 


fj = input frequency in MHz CL 


fo = output frequency in MHz Vcc supply voltage in V 
(Cy x Vcc? x fg) = sum of outputs 
2. For HC thecondition is Vj = GND to Vcc 


For HCT the condition is Vj} = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT163P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT163T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


7293609 


7293613 


Fig. 2 Logic symbol. ig. 3 IEC logic symbol. 
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PC74HC/HCT 163 
MSI 


PARALLEL LOAD CIRCUITRY 
| ae ibe 
BINARY COUNTER . 
cP 
eS aces 
13 12 11 


7293618 


Fig. 4 Functional diagram. 


PIN DESCRIPTION 


NAME AND FUNCTION 


SYMBOL 


synchronous master reset (active LOW) 
clock input (LOW-to-HIGH, edge-triggered) 
data inputs 

count enable input 

ground (0 V) 

parallel enable input (active LOW) 
count enable carry input 

flip-flop outputs 

terminal count output 

positive supply voltage 


14, 13, 12, 11 
15 
16 Vcc 


OUTPUTS 


OPERATING MODE 


reset (clear) 


parallel load 


hold 
(do nothing) 


Note to function table 
* The TC output is HIGH when CET is HIGH and the counter is at terminal count (HHHH). 


HIGH voltage level 

HIGH voltage level one set-up-time prior to the LOW-to-HIGH CP transition 

LOW voltage level 

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 

lower case letters indicate the state of the referenced output one set-up time prior 
to the LOW-to-HIGH CP transition 

don’t care 

LOW-to-HiGH CP transition 


Hou wt bod 


tof 


> x aAa7roat 
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GENERAL DESCRIPTION (Cont'd) 


A LOW level at the master reset input 
(MR) sets all four outputs of the flip-flops 
(Qo to Q3) to LOW level after the next 
positive-going transition on the clock (CP) 
input (provided that the set-up and hold 
time requirements for MR are met). This 
action occurs regardless of the levels at PE 
CET and CEP inputs. 

This synchronous reset feature enables the 
designer to modify the maximum count 
with only one external NAND gate. 


The look-ahead carry simplifies serial 
cascading of the counters. Both count 
enable inputs (CEP and CET) must be 
HIGH to count. The CET input is fed 
forward to enable the terminal count 
output (TC). The TC output thus enabled 
will produce a HIGH output pulse of a 
duration approximately equal to a HIGH 
level output of Qg. This pulse can be used 
to enable the next cascaded stage. 


’ 


Presettable synchronous 4-bit binary counter; synchronous reset 


GPE Pert 


: 


Pao 


7293352 


Fig. 5 State diagram. 


MSI 


0 


are count ——_—— inhibit —————»> 


reset preset 
7293628 


Fig. 6 Typical timing sequence: reset outputs to zero: preset to 
binary twelve; count to thirteen, fourteen, fifteen, zero, one and 
two; inhibit. 


7293632 


Fig. 7 Logic diagram. 
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359 


PC74HC/HCT163 | 


MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications”. 


Output capability: standard 


lec category: 


AC CHARACTERISTICS FOR 74HC 


GND = 0 V;t, = te = 6 ns; Cy = 50 pF 


SYMBOL 


MSI 


PARAMETER 


propagation delay 
CP to QO, 


propagation delay 
CP to TC 


propagation delay 
CET to TC 


output transition time 


clock pulse width 
HIGH or LOW 


set-up time 
MR, D, to CP 


set-up time 
PE to CP 


set-up time 
CEP, CET to CP 


hold time 
Dn, PE, CEP, 
CET, MR to CP 


maximum clock pulse 
frequency 
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Tamb (°C) 


—40to+85 | —40to+125 


NO) 
on 
o 


Po 
WO= 


270 
54 
46 


NN NON 

ue eee] za 
=—- O1}|Www 
OO O1}] WOO 


TEST CONDITIONS 


Vec | WAVEFORMS 
Vv 


Figs 10, 11 and 12 


Presettable synchronous 4-bit binary counter; synchronous reset PC74HC/HCT 163 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter “HCMOS family characteristics”, section “Family specifications”. 


Output capability: standard 
Icc category: MS! 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD UNIT LOAD 
nee COEFFICIENT halos COEFFICIENT 


MR 0.95 0.25 
ee 0.75 
PE 0.30 
GND = OV; ty =t¢=6ns; Cy = 50 pF 


1.10 
ae P  Tamb PC) °C) TEST CONDITIONS 
eee 
SYMBOL | PARAMETER UNIT Yee WAVEFORMS 
| 5 | a0 to+85 | —40to | 4010 +125 | | 4010 +125 | 


0.25 
tpHL/ propagation delay 
tPLH CP to QO, 
tpH_/ propagation delay 
tPLH CP to TC 
tpyHi/ propagation delay 
tPLH CET to TC 
tTHL/ output transition time 
'TLH 

clock pulse width 

HIGH or LOW 


set-up time 
MR, Dry to CP 


t set-up time 
su PE to CP 


AC CHARACTERISTICS FOR 74HCT 


+ 
NO NO < 
© Ww xo) 


— WwW py 
oOo oI ee) 


~J] _ 
~S 


— ~ 
ol —_ 


set-up time 
CEP, CET to CP 


hold time 
Dn, PE, CEP, 
CET, MR to CP 


f maximum clock pulse 
max frequency 


Ww NO N NO 


RO or) NO NO NO 
—= (ee) oi o fee) 


N 
EF 
ees 
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PC74HC/HCT 163 
MSI 


AC WAVEFORMS 


CP INPUT 


OUTPUT 


7293621 


Fig. 8 Waveforms showing the clock (CP) to outputs (OQ, TC) 
propagation delays, the clock pulse width, the output transition 
times and the maximum clock frequency. 


PE INPUT 


CP INPUT 


D,, INPUT 


Q,, OUTPUT 


7293620 


Fig. 10 Waveforms showing the set-up and hold times for the 
input (Dy) and parallel enable input (PE). 


CP INPUT 


7293619 


Fig. 12 Waveforms showing the CEP and CET set-up and 
hold times. 
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CET INPUT 


TC OUTPUT 


7293622 


Fig. 9 Waveforms showing the input (CET) to output (TC) 
propagation delays and output transition times. 


cP INPUT 


7293624 


Fig. 11 Waveforms showing the MR set-up and hold times. 


Note to Figs 10, 11 and 12 


The shaded areas indicate when the input is permitted to 
change for predictable output performance. 


Note to AC waveforms 
(1) HC : Vy = 50%; V;} = GND to Vcc. 
HCT: Vy = 1.3 V; Vj = GND to 3V. 


PC74HC/HCT 164 
MSI 


8-BIT SERIAL-IN/PARALLEL-OUT SHIFT REGISTER 


FEATURES 
® Gated serial data inputs SYMBOL PARAMETER CONDITIONS 
@® Asynchronous master reset 
@ Output capability: standard . 
ropagation dela 
© Ic category: MSI tPHL/ ea 
t MR to 0 C, =15pF 
PLH MR to OQ, L~! P 
GENERAL DESCRIPTION - Voce 5 Vv 


The 74HC/HCT 164 are high-speed fmax pani OE veloer NeGuErcy 


Si-gate CMOS devices and are pin 
compatible with low power Schottky CI bh PEE Caberltance 3.5 


TTL (LSTTL). They are specified in a ee Sere ——— 7 
: : power dissipation 

compliance with JEDEC standard no. 7. Cpp capacitance per package notes 1 and 2 40 

The 74HC/HCT 164 are 8-bit edge- 


GND = 0 V; Tamb = 25 °C; ty = te = 6 ns 


TYPICAL 


triggered shift registers with serial data 


entry and an output from each of the Notes 

eight stages. 1 ‘ . . issipati Py in uW): 

Dati is entered. earialiy tirouglvonest . Cpp is used to ee the dynamic eee dissipation (Pp in wW) 

two inputs (Dc, or Dp); either input Pp = CpD x Vcc’ x fi + = (CL x VCC? x fo) where: 

can be used as an active HIGH enable for fj; = input frequency in MHz CL = output load capacitance in pF 
data entry through the other input. fo = output frequency in MHz VCC = supply voltage in V 

Both inputs must be connected together 2 (CL x Vec? x fo) = sum of outputs 

or an unused input must be tied HIGH. 2. For HC the condition is Vj = GND to Vcc 

Data shifts one place to the right on For HCT the condition is Vj} = GND to Vcc — 1.5 V 


each LOW-to-HIGH transition of the 
clock (CP) input and enters into Qo, 


which is the logical AND of the two data ORDERING INFORMATION/PACKAGE OUTLINES 
inputs (Dga, Dgp) that existed one set-up 


time prior to the rising clock edge. PC74HC/HCT164P: 14-lead DIL; plastic (SOT-27). 

A LOW level on the master reset (MR) PC74HC/HCT164T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 
input overrides all other inputs and clears 

the register asynchronously, forcing all 


outputs LOW. PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


De Dga, Dgb data inputs 


3, 4, 5, 6, 
10, 11, 12, 13 Qo to Q7 outputs 


GND ground (0 V) 

cP clock input (LOW-to-HIGH, edge-triggered) 
MR master reset input (active LOW) 

positive supply voltage 


7293342 


7293341 


7293343 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT 164 
MSI 


APPLICATIONS 


@® Serial data transfer 
8-BIT SERIAL:IN /PARALLEL-OUT 


SHIFT REGISTER 


7293344 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


INPUTS OUTPUTS 


CCCs yt a 
BX eg cc 1 7 h = HIGH voltage level one set-up time prior to the LOW-to-HIGH 
: oo , iti 4 
os 
~ | = LOW voltage level one set-up time prior to the LOW-to-HIGH 
ee : : : : : 90 — 96 clock transition 
shift 4 ‘ h L q = lower case letters indicate the state of the referenced input 
i H rn h h H One set-up time prior to the LOW-to-HIGH clock transition 
t = LOW-to-HIGH clock transition 


neh 
Eee deh et cet ed 
ne Y, 


D a D a D a D a dD a D a Da 

cP OCP OCP Ol CP o| ce OCP OCP 

| FF2 FF3 FFA FF5 FF6 FF7 | FF8 
Rp Rp Rp Ro Rp Rp Rp 
e () e e ° () e 


Y Y 1W, YW 1V/, IV IV 


Qa Q Q 0] Q Q Q Q 
0 1 2 3 4 5 rere 7 


Fig. 5 Logic diagram. 
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PC74HC/HCT 164 
MSI 


8-bit serial-in/parallel-out shift register 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc¢ category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =OV;t, =t¢ =6ns;C, = 50 pF 


SYMBOL | PARAMETER 


propagation delay 
CP to Q, 


TEST CONDITIONS 


UNIT | Vec | WAVEFORMS 


propagation delay 
MR to OQ, 


output transition time 


clock pulse width 
HIGH or LOW 


master reset pulse 
width; LOW 


ns 


removal time 


MR to CP as 


75 90 ; 

15 18 ns x ig. 
13 15 : 

4 4 2.0 

4 4 4.5 Fig. 8 
4 4 6.0 


set-up time 
‘su Desa, Dp to CP 


NO @ © 


hold time 


Nii t 
NON O 


maximum clock pulse 
frequency 


MHz 4.5 Fig. 6 
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PC74HC/HCT 164 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 


Output capability: standard 
Igc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND =O V; ty = t¢ =6 ns; Cy = 50 pF 


Tamb (°C) 
SYMBOL | PARAMETER 


TEST CONDITIONS 


WAVEFORMS 


Vcc 


| UNIT 
—40 to +125 


tpyH_/ propagation delay 
tPHL propagation delay 
MR to Qy 


output transition time 


mn 


ig. 6 


a 


clock pulse width 
HIGH or LOW 


master reset pulse 
width; LOW 


removal time 
MR to CP 


set-up time 
: hold time 
h Dgq, Dsp to CP 


f maximum clock pulse 
max frequency 


-— — 
oO jee) 


N 
Eola 

o 

on 

N 
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PC74HC/HCT 164 
MSI 


8-bit serial-in/parallel-out shift register 


AC WAVEFORMS 


MR INPUT 


CP INPUT 


CP INPUT 


Q,, OUTPUT 


7Z87479.1 wel le TTHL Q, OUTPUT 


7287478 


Fig. 6 Waveforms showing the clock (CP) to Fig. 7 Waveforms showing the master reset 
output (Q,,) propagation delays, the clock (MR) pulse width, the master reset to output 
pulse width, the output transition times and (Q,) propagation delays and the master reset 
the maximum clock frequency. to clock (CP) removal time. 


CP INPUT 


D,, INPUTS 


Q, OUTPUT Vpy {1 
Fig. 8 Waveforms showing the data set-up 
7293345 and hold times for Dy inputs. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vj = GND to Vcc. 
HCT: Vy =1.3V; Vy =GND to3V. 
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PC74HC/HCT 165 
MSI 


8-BIT PARALLEL-IN/SERIAL-OUT SHIFT REGISTER 


FEATURES 


@ Asynchronous 8-bit parallel load 
@ Synchronous serial input 

@ Output capability: standard 

®@ Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT165 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT 165 are 8-bit parallel- 
load or serial-in shift registers with 
complementary serial outputs (Q7 and 
Q7) available from the last stage. When 
the parallel load (PL) input is LOW, 
parallel data from the Dg to D7 inputs 
are loaded into the register 
asynchronously. 


When PL is HIGH, data enters the 
register serially at the D, input and shifts 
one place to the right (Qg > Qy > Qo, 
etc.) with each positive-going clock 
transition. This feature allows parallel-to- 
serial converter expansion by tying the 
Q7 output to the D, input of the 
succeeding stage. 


The clock input is a gated-OR structure 
which allows one input to be used as an 
active LOW clock enable (CE) input. _ 
The pin assignment for the CP and CE 
inputs is arbitrary and can be reversed 
for layout convenience. The LOW-to- 
HIGH transition of input CE should only 
take place while CP HIGH for predictable 
operation. Also, the CP and CE should be 
LOW before the LOW-to-HIGH transition 
of PL to prevent shifting the data when 
PL is released. 


APPLICATIONS 


@ Parallel-to-serial data conversion 


Fig. 1 Pin 
configuration. 


7287441 


TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 
propagation delay 
tPHL/ CP to Q7, O7 16 14 
tpLy PL to O7, O7 15 17 
D7 toQ7, O7 11 11 


maximum clock frequency 


power dissipation 1 2 35 35 F 
capacitance per package 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fi + © (CL x VCC? x fo) where: 
fj, = input frequency in MHz CL 
fo = output frequency in MHz VCC 
x (Cy x Vcc? x fg) = sum of outputs 
2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


Notes 


toll 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT165P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT165T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 
PINNO. SYMBOL NAME AND FUNCTION } 
asynchronous parallel load input (active LOW) 


complementary output from the last stage 
serial output from the last stage 

clock input (LOW-to-HIGH edge-triggered) 
ground (0 V) 
serial data input 


parallel data inputs 


a W==| = ©NM ON — 


—_ 
oO o 


clock enable input (active LOW) 
positive supply voltage 


SRG8 
G1 (SHIFT) 


Fig. 3 IEC 


Logic symbol. logic symbol. 


7287854 
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PC74HC/HCT 165 
MSI 


8- BIT SHIFT REGISTER 
PARALLEL - IN / SERIAL- OUT 


7287440.1 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


OPERATING MODES 


parallel load 
serial shift 


hold “do nothing” 


Fig. 5 Logic diagram. 


DC CHARACTERISTICS FOR 74HC 


H = HIGH voltage level 

h =HIGH voltage level one set-up tim 
prior to the LOW-to-HIGH clock 
transition 

L = LOW voltage level 

| = LOW voltage level one set-up time 
prior to the LOW-to-HIGH clock 
transition 

q = lower case letters indicate the state 
of the referenced output one set-up 
time prior to the LOW-to-HIGH 
clock transition 

X = don’t care 

t =LOW-to-HIGH clock transition 


7Z87442.2 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’’. 


Output capability: standard 
Icc category: MSI 


370 January 1986 


8-bit parallel-in/serial-out shift register PC74HC/HCT 165 
MSI 


AC CHARACTERISTICS FOR 74HC 


GND =0V;t, =t¢=6ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HC | 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
—40to+85 | —40to +125 V 


propagation delay 
CE, CP to Q7, Q7 


+ 
nN 
or 


+ 
< 
x) 


propagation delay 
PL to Q7, Q7 


propagation delay 
D7 to Q7, Q7 


output transition time 


WRN 
o1— © 
ol 


NON => 

™ O1N 

: ol 
N@W— 

Ooo 

© 


clock pulse width 
HIGH or LOW 


—_— 


parallel load pulse 
width; LOW 


set-up time 


D, to CP, CE 


woh | ag oo — on = 2W | -o2-o ] 2 =o 
_- ~ ~ <e) Owd OO o1 CN 
— = J 
Oon 
=| NN — 
“WOO 
jo] 


set-up time _ 
PL to CP, CE 


24 4.5 | Fig.9 
20 6.0 
2.0 
4.5 Fig. 7 
6.0 


120 2.0 
24 ns 4.5 Fig. 9 
20 6.0 


© © NO 
NO 


set-up time __ 
CE to CP; CP to CE 


set-up time 
D, to PL 


holdtime —__ 


Dg to CP, CE 
Dp, to PL 


hold time 
th | PL, CE to CP 
PL, CP to CE 


maximum clock pulse 30 
frequency 35 


AL 
— — () 


©) 00 NO 
NO 
= A) — 
“WOO 
© 


ann 


he ome 
=o 
OPN | ON 
oumo!l| omo 
mn 
© 
© 


aot 
OT 


oO Ons —-—— © = = © =A) — —- = © — = © = = © 
on -& oO Oo © os oa) ho © ho © 


ol 


NO 
> 


28 


NOD 
AO 
= 
aE 
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PC74HC/HCT 165 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc¢) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


ga ae unit load 
P coefficient 
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8-bit parallel-in/serial-out shift register 


MSI 


AC CHARACTERISTICS FOR 74HCT 


GND = 0 V; ty = tf = 6 ns; CL = 50 pF 
Tamb (°C) TEST CONDITIONS 
74HCT 
UNIT | Vcc | WAVEFORMS 


SYMBOL | PARAMETER 


propagation delay 
CE, CP toQ7, Q7 


a 
= 
o>) 


propagation delay 
PL to Q7, Q7 


> ~ 
o o1 


propagation delay 
D7 to Q7, Q7 


tTHL/ output transition time 
tTLH 
t clock pulse width 
W HIGH or LOW 
t parallel load pulse 
W width; LOW 


‘4.5 ig. 8 


Ww 


NO 
or 
w 
Oo 


i) 


NO 
RO 


ig. 6 


ig. 7 


~ — NO — et 
< 
NO 
i 
i 
oO 


NO NO NO NO NO 
fe 
To n nm 
r S 
Oo) N 


mn 


set-up time _ 30 Fig. 9 
su Dg to CP, CE ? 
t set-up time _ 30 Fig. 7 
Su PL to CP, CE 


t set-up time = 

su(L) CE to CP; CP to CE 
t set-up time 

su Dy to PL 
t hold time __ as 

h D, to CP, CE; D, to PL 
t hold time _ 

h PL, CE to CP;PL, CP to CE 
f maximum clock pulse 
max frequency 


ca 
NO NO NO NO ie) 
~~ ol Oo on oi 
_ = w& Ww 
~N = So oO 
> 
ao 


QO 


NO ~N NO 
Ss 

< 

N 


| 
Br 
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PC74HC/HCT 165 
MSI 


AC WAVEFORMS 


PL INPUT 


CP INPUT 


CP INPUT 


OUTPUT 
72878560 wl lee TTHL Q7 or Qy 
OUTPUT 
7287857 


Fig. 6 Waveforms showing the clock (CP) to 
output (Q7 or O7) propagation delays, the clock 
pulse width, the output transition times and the 
maximum clock frequency. 


Fig. 7 Waveforms showing the parallel load 
(PL) pulse width, the parallel load to output 
(Q7 or G7) propagation delays and the parallel 
load to clock (CP) set-up time. 


see note 


>! Teu(L) a tsu(H) 
jth ae|Th I 


ty 


u 
> <—_— ty — 


a CP INPUT Vall? 
7287858 
7Z87859.1 
Fig. 8 Waveforms showing the data input (D,) Fig. 9 Waveforms showing the set-up and hold 
to output (Q7 or O7) propagation delays when times from the serial data input (D,) to the 
PL is LOW. clock (CP), from the clock enabie input (LOW 
CE) to the clock (CP) and from the clock enable 
input CE to the clock (CP). 


Note to Figs 6 and 7 


The changing to output assumes internal Og 
opposite state from Q7. 


D,, INPUT 


Note to Fig. 9 


CE may change only from HIGH-to-LOW 
while CP is LOW. 


The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 


PL INPUT 


a 7Z87860 


_ Fig. 10 Waveforms showing the set-up and hold 
times from the data inputs Ds and D7 to the 
parallel load input (PL). 


Note to AC waveforms 
(1) HC : Vy = 50%; Vy = GND to Vcc. 
HCT: Vy = 1.3V; Vy} = GND to 3V. 


Phare AREA i SEPTIC AE LOE NE OE TAGES IA POE ENROL TE BET N SAS EST OS TIE 
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PC74HC/HCT 166 
MSI 


8-BIT PARALLEL-IN/SERIAL-OUT SHIFT REGISTER 


FEATURES 


@ Synchronous parallel-to-serial 
applications 

@ Synchronous serial data input for 
easy expansion 


@ Clock enable for “do nothing” mode 


@ Asynchronous master reset 
@ For asynchronous parallel data load 


see “165” 
@® Output capability: standard 


® Icc category: MSI 


GENERAL DESCRIPTION 

The 74HC/HCT166 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT 166 are 8-bit shift 
registers which have a fully synchronous 
serial or parallel data entry selected by 
an active LOW parallel enable (PE) input. 
When PE is LOW one set-up time prior 
to the LOW-to-HIGH clock transition, 
parallel data is entered into the register. 
When PE is HIGH, data is entered into 
the internal bit position Qg from serial 
data input (D,), and the remaining bits 
are shifted one place to the right 

(Qo > Q1 > Q2, etc.) with each positive- 
going clock transition. 

This feature allows parallel-to-serial 
converter expansion by tying the Q7 
output to the D, input of the succeeding 
stage. 


The clock input is a gated-OR structure 
which allows one input to be used as an 
active LOW clock enable (CE) input. 
The pin assignment for the CP and CE 
inputs ts arbitrary and can be reversed 
for layout convenience. The LOW-to- 
HIGH transition of input CE should only 
take place while CP is HIGH for 
predictable operation. A LOW on the 
master reset (MR) input overrides all 
other inputs and clears the register 
asynchronously, forcing all bit positions 
to a LOW state. 


Fig. 1 Pin 
configuration. 


7293177 


TYPICAL 


CONDITIONS 


SYMBOL | PARAMETER 
tPHL/ 
tPLH 


fmax 


propagation delay 


maximum clock frequency 


power dissipation 


GND = 0 V; Tamb = 25 °C; ty = tf = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x Vcc’ x fj + 2 (CL x VCC? x fo) where: 
fj = input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz Vcc supply voltage in V 
2 (Cy x Vec? x fo) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj} = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT166P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT166T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


/PINNO. | SYMBOL NAME AND FUNCTION 


1 serial data input 
me es Bae parallel data inputs 
clock enable input (active LOW) 
clock input (LOW-to-HIGH edge-triggered) 
ground (0 V) 
asynchronous master reset input (active LOW) 
serial output from the last stage 
parallel enable input (active LOW) 


positive supply voltage 


Fig. 2 
Logic symbol. 


Fig. 3 IEC 


7293179 logic symbol. 
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PC74HC/HCT 166 
MSI 


8 - BIT PARALLEL/SERIAL-IN/ 
SERIAL-OUT SHIFT REGISTER 


7293180 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


H = HIGH voltage level 
OPERATING MORE> h = HIGH voltage level one set-up time prior to 
: the LOW-to-HIGH CP transition 


L = LOW voltage level 
parallel load | = LOW voltage level one set-up time prior to 
the LOW-to-HIGH CP transition 
q = lower case letters indicate the state of the 
serial shift referenced output one set-up time prior to 
the LOW-to-HIGH CP transition 


ia a X = don’t care 
hold “do nothing : * = LOW-to-HIGH CP transition 


cP 
CE 
MR 
7Z93185 
\V 
Fig. 5 Logic diagram. Q; 
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8-bit parallel-in/serial-out shift register PC74HC/HCT166 
MSI 


MODE 
CONTROL 
INPUTS 


SHIFT/ 
LOAD 


PARALLEL 
INPUTS 


OUTPUT 7 Hit [oH It JR lt fA 


serial shift ———» 
—»| inhibit e |~<———————— seriaj shift —————_—____> 


load 7293183 


Fig. 6 Typical clear, shift, load, inhibit, and shift sequences. 
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PC74HC/HCT 166 


378 


MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’’, section ‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V;t, = t¢ = 6 ns; Cy = 50 pF 


SYMBOL | PARAMETER 


propagation delay 
CP to Q7 


propagation delay 
MR to Q7 


output transition time 


clock pulse width 
HIGH or LOW 


master reset pulse 
width 


removal time 


trem MR to CP 
t set-up time 
su Dy, CE to CP 
t set-up time 
su PE to CP 
hold time 
th ered 


Dn, CE to CP 


hold time 
PE to CP 


maximum clock pulse 
frequency 


January 1986 


Tamb (°C) 


100 


NNM NO RO AO NON = —]N-> ooo NON — — N 


Vcc | WAVEFORMS 


UNIT 


Fig. 7 


Fig. 8 


Ora) Oe 
ouo |ouo < 


4.5 | Fig. 7 


4.5 Fig. 7 


Fig. 8 


OPN | OPN | DEN | OPN | BEN | OPN | OPN 
Ono }]omo |omo|]ono |ouno!]/omo |ouo 


Fig. 8 

on Fig. 8 

on Fig. 9 

20 MHz Fig. 7 
24 


8-bit parallel-in/serial-out shift register PC74HC/HCT 166 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘’HCMOS family characteristics’’, section ‘‘Family specifications’. 


Output capability: standard 
Ic¢ category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


oer unit load 
P coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND =0 V; ty = tf = 6 ns; CL = 50 pF 


Tamb (°C) TEST CONDITIONS 


74HCT 
SYMBOL; PARAMETER Pe aoto+125 | Vcc | WAVEFORMS 
—40 to +85 4004125 to +125 


Ec max. | min.}| max. 
tpH/ propagation delay 40 
tPLH CP to Q7 
, propagation delay 22 Fig. 8 
PHL MR to 07 ‘ 


tTHL/ output transition time 


clock pulse width 
HIGH or LOW 


tw 
master reset pulse 


removal time 


trem MR to CP 
t set-up time 
su Dn, CE to CP 
t set-up time 
su PE to CP 
t hold time 
h Dn, CE to CP 


hold time 
h PE to CP 


f maximum clock pulse 
max width 
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PC74HC/HCT 166 
MSI 


AC WAVEFORMS 


MR INPUT 


CP INPUT 


CP INPUT 


Qz7 OUTPUT 


<— tpt, > 
7293181 
1 
Q7 OUTPUT Vu! ) 
7293182 


Fig. 7 Waveforms showing the clock (CP) to Fig. 8 Waveforms showing the master reset (MR) 
output (Q7) propagation delays, the clock pulse width, the master reset to output (Q7) 
pulse width, the output transition times and propagation delay and the master reset to clock 
the maximum clock frequency. (CP) removal time. 


see note 


Waveforms showing the set-up and 


g 
ae 5 = A. ra ss from the ete ae {Dale 
. ” ff Yip . Uf Y input ( LOW Se) ng ce car a 


fag Dae ee E and the parallel enable input to the 
lla — / ~ ae (CP). 


wl toy ee can be determined from 
ore e function table. 


se Ce oe Ne ama 


while CP is LOW. 


The shaded areas indicate when the input 
PEINEME Va") is permitted to change for predictable 
7293184.1 output performance. 
condition: MR = HIGH 


Note to AC waveforms 


(1) HC : Vyy= 50%; Vj = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to3V. 
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PC74HC/HCT 173 
MSI 


QUAD D-TYPE FLIP-FLOP; POSITIVE-EDGE TRIGGER; 3-STATE 


FEATURES 


® Gated input enable for hold (do 
noting) mode 

Gated output enable control 
Edge-triggered D-type register 
Asynchronous master reset 
Output capability: bus driver 
Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT173 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT173 are 4-bit parallel 
load registers with clock enable control, 
3-state buffered outputs (Qg to Q3) and 
master reset (MR). 


When the two data enable inputs (E1 and 
E>) are LOW, the data on the Dy inputs is 
loaded into the register synchronously 
with the LOW-to-HIGH clock (CP) 
transition. When one or both E,, inputs 
are HIGH one set-up time prior to the 
LOW-to-HIGH clock transition, the 
register will retain the previous data. Data 
inputs and clock enable inputs are fully 
edge-triggered and must be stable only 
one set-up time prior to the LOW-to-HIGH 
clock transition. 


The master reset input (MR) is an active 
HIGH asynchronous input. When MR is 
HIGH, all four flip-flops are reset (cleared) 
independently of any other input 
condition. 


The 3-state output buffers are controlled 
by a 2-input NOR gate. When both output 
enable inputs (OE, and OE>) are LOW, 
the data in the register is presented to the 
Q,, outputs. When one or both OE, inputs 
are HIGH, the outputs are forced to a high 
impedance OF F-state. The 3-state output 
buffers are completely independent of the 
register operation; the OE, transition does 
not affect the clock and reset operations. 


7293635 


Fig. 1 Pin configuration. 


TYPICAL 
PARAMETER CONDITIONS 


She ean ae A a2 


propagation delay 
CP to Oy 
MR to On 


SYMBOL 


tPHL/ 


maximum clock frequency 


C| input capacitance 


power dissipation 


: : notes 1 and 2 
capacitance per flip-flop 


CPD 


GND =0V; Tamb =25 °C; ty = tp = 6 ns 

Notes 

1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 

Pp =Cpp x Vcc? x fj + © (CL x Vcc? x fo) where: 

fj = input frequency in MHz CL = 
fo = output frequency in MHz Vec = 
xX (Cy x Voc’ x fg) = sum of outputs 

2. For HC thecondition is V} = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT173P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT173T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


SYMBOL 


NAME AND FUNCTION 


output enable input (active LOW) 


3-state flip-flop outputs 

clock input (LOW-to-HIGH, edge-triggered) 
ground (0 V) 

data enable inputs (active LOW) 


9, 10 

14, 13, 12, 11 
18 
16 


data inputs 


asynchronous master reset (active HIGH) 


7293637 


7293636 


Fig. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 
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PC74HC/HCT 173 
MSI 


FUNCTION TABLE 


INPUTS OUTPUTS 
REGISTER OPERATING MODES 


reset (clear) 


parallel load 


hold (no change) 


3-STATE BUFFER 
OPERATING MODES 


7293638 


Fig. 4 Functional diagram. disabled 


H = HIGH voltage level 
h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 
L = LOW voltage level 
| = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
q = lower case letters indicate the state of the referenced input (or output) 
one set-up time prior to the LOW-to-HIGH CP transition 
X = don’t care 
Z = high impedance OF F-state 
t = LOW-to-HIGH CP transition 
Do D, Do D3 
:S VV V V V 


“oe 
aes Pea Y Faun? 
td 
mr —|> > 


0&, 4> 
1 
Ce 
ae a 
Qo Qy Q2 7293642 Q3 


Fig. 5 Logic diagram. 
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Quad D-type flip-flop; positive-edge trigger; 3-state PC74HC/HCT 173 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘Family specifications”. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND = OV; t,-= t¢ =6 ns; C; = 50 pF 


SYMBOL 


Tapco) TEST CONDITIONS 


74HC 
UNIT | Vec | WAVEFORMS 
+25 —40 to +85 | —40 to +125 V 
min. | typ. | max. | min. | max. | min. | max. 


PARAMETER 


tpHL/ propagation delay 74 | 225 280 340 2.0 Fi 
t CP to O 2/7 45 56 68 | Os 4.5 ig. 6 
PLH n 22 | 38 48 58 : 6.0 
ssa Bice 
let | 185 230 280 2.0 
sea delay 22 | 37 46 56. | As ae | Fig 7 
n 19 | 31 39 48 6.0 
as bot oo eae oe 
3-state output enable time . ee ay 226 i re Fig. 8 
OE.. toO 5 0 3 45 ns 5 ig. 
n n 12 | 26 33 38 6.0 
50 | 150 iy ~] 190 225 2.0 
tpHz! aoe oe disable time 18 | 30 38 45 ae 45 | Fig.8 
PLZ n n 14 | 26 33 38 | 6.0 
ns, 14 | 60 75 90 2.0 
ae output transition time 5 12 15 18 ns 4.5 | Fig. 6 
TLH 4 | 10 i. 13 15 6.0 
i aah 
sidekepulse width 90 | 30 115 135 20 | 
tw HIGH or LOW 18 11 23 27 ns 4.5 Fig. 6 
15 | 9 20 23 | 6.0 
master reset pulse 80 19 100 120 2.0 
ee 16 7 20 24 ns 4.5 Fig. 7 
width; HIGH 14 16 17 20 6.0 
removal time 7 —8 95 110 2.0 
oe ec 19 22 ns 4.5 | Fig. 7 
MR to CP 13 | -2 16 19 6.0 | 
set-up time 150 a a 9 
E. to CP 30 ns : ig. 
n 26 6.0 
80 | 25 100 120 2.0 
tsy apes 16 | 9 20 24 ns 4.5 | Fig. 9 
a 14 |7 17 20 6.0 
t hold time 
h E,, to CP 


hold time 
Dy, to CP 


2.0 
4.5 Fig. 9 
6.0 


maximum clock pulse 16 4.4 3.6 2.0 ‘ 
fax faquiene 48 22 18 MHz 4.5 Fig. 6 
eee 32 | 57 26 21 6.0 
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PC74HC/HCT173 
MSI 


384 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘Family specifications”. 


Output capability: bus driver 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT =| COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT 
GND =OV;t,= te =6 ns; Cy = 50 pF 


SYMBOL 


—40 to +125 


TEST CONDITIONS 
UNIT 


Vcc | WAVEFORMS 


amb (°C) 
74HCT 
PARAMETER 
+25 40 to +85 Vv 
typ. 
ns 


: propagation delay 
PHL. MR to Q, 


tpHz/ 3-state output disable time 
tpLz OE, to Qn 
tTHL/ ease at | 
output transition time 
tTLH - 
clock pulse width 
tw HIGH or LOW 
master reset pulse 
tw width; HIGH 
removal time 
trem MR to CP 
set-up time 
Tsu E, to CP 
set-up time 
‘su Dp to CP 
hold time 
th E, to CP 
‘ hold time 
h Dr to CP 
F maximum clock pulse 25 
max frequency 


Si +65 w w i 
ny | oO f;] G& | a |] w 


pb 
o1 
a 
‘2 
~ 


53. 
53 


4.5 Fig. 8 


= NO NO 
“J = oO 


= PS 
© o 
> 
a 
PSS 
oO 


= W 
nn jee) 


Ww 


NO 
Ei 


N N 
N N 
= 
io} 
“I 
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: aL ; 
‘ eo : 
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~~ 
NO Ww WwW 
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Quad D-type flip-flop; positive-edge trigger; 3-state 


AC WAVEFORMS 


CP INPUT 


Q, OUTPUT 


7293640 


Fig. 6 Waveforms showing the clock (CP) to output (Q,) 
propagation delays, the clock pulse width, the output 
transition times and the maximum clock pulse frequency. 


OUTPUT 
LOW-to-OFF 
OFF -to- LOW 


OUTPUT 
HIGH - to- OF F 
OFF -to- HIGH 


Outputs —plg—— outputs —___,»|«— outputs 
7293639 enabled disabled enabled 


Fig. 8 Waveforms showing the 3-state enable and disable 
times. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vj = GND to Vcc. 
HCT: Vy = 1.3 V; Vj = GND to 3V. 


PC74HC/HCT173 


MSI 


MR INPUT 
CP INPUT 


Q, OUTPUT 


7293641 


Fig. 7 Waveforms showing the master reset (MR) pulse width, 
the master reset to output (Q,) propagation delays and the 
master reset to clock (CP) removal time. 


ft Z Y 


; 
Dj INPUT ui? 
ace tou 

we} th ine 


CP INPUT 


7293761 


Fig. 9 Waveforms showing the data set-up and hold times 
from input (En, Dy) to clock (CP). 


Note to Fig. 9 


The shaded areas indicate when the input is permitted to 
change for predictable output performance. 
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PC74HC/HCT 174 
MSI 


HEX D-TYPE FLIP-FLOP WITH RESET; POSITIVE-EDGE TRIGGER 


FEATURES 


@ Six edge-triggered D-type flip-flops 
@ Asynchronous master reset 

@ Output capability: standard 

@ Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT174 are high-speed Si-gate 
CMOS devices and are pin compatible with 
low power Schottky TTL (LSTTL). They 
are specified in compliance with JEDEC 
standard no. 7. 


The 74HC/HCT174 have six edge-triggered 
D-type flip-flops with individual D inputs 
and Q outputs. The common clock (CP) 
and master reset (MR) inputs load and reset 
(clear) all flip-flops simultaneously. 


The register is fully edge-triggered. The 
state of each D input, one set-up time prior 
to the LOW-to-H!IGH clock transition, is 
transferred to the corresponding output of 
the flip-flop. 

A LOW level on the MR input forces all 
outputs LOW, independently of clock or 
data inputs. 

The device is useful for applications 
requiring true outputs only and clock and 
master reset inputs that are common to all 
storage elements. 


7Z93656 


Fig. 1 Pin configuration. 
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SYMBOL PARAMETER 


propagation delay 
CP to OQ, 
MR to OQ, 


power dissipation 


Cpp capacitance per flip-flop 


GND = 0 V; Tamb =25 °C; tr = t¢ = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x ff + = (CL x VCC? x fo) where: 
fj = input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz Vcc supply. voltage in V 
x (CL x Vcc? x fo) = sum of outputs 
2. For HC thecondition is V} = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 
ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT174P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT174T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


NAME AND FUNCTION 


asynchronous master reset (active LOW) 


PIN DESCRIPTION 


SYMBOL 


flip-flop outputs 


data inputs 


ground (0 V) 
clock input (LOW-to-HIGH, edge-triggered) 
positive supply voltage 


7293657 
7293658 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 


Hex D-type flip-flop with reset; positive-edge trigger 


7Z93661 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


INPUTS OUTPUTS 
OPERATING MODES 


reset (clear) 


load “1” 
load “0” 


HIGH voltage level 

HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 
LOW voltage level 

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
don’t care 

LOW-to-HIGH CP transition 


H 
h 
L 


ho od uo a ou 


xX 
t 


7Z93660 


Fig. 5 Logic diagram. 


PC74HC/HCT 174 


MSi 
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PC74HC/HCT 174 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘Family specifications”’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND =0V;t,= ts =6 ns; Cy = 50 pF 


TEST CONDITIONS 


SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS 


min. 
tPHL/ propagation delay 
propagation delay 
"PHL MR to Q, 
tTHL/ Output transition time 
'TLH 
t clock pulse width a 
W HIGH or LOW 14 
master reset pulse ic 
width; HIGH 14 
. 5 
removal time 5 
MR to CP | 5 
set-up time i 
Dry to CP 10 
13 
; hold time 3 
h Dp, to CP 3 
| Te 
maximum clock pulse 30 


fmax 
frequency ‘i 35 
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Hex D-type flip-flop with reset; positive-edge trigger 


PC74HC/HCT174 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘“HCMOS family characteristics’’, section ‘Family specifications”. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alc¢ per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT =| COEFFICIENT 
Dn 0.25 
cP 1.30 

R 1.25 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t,= tf =6 ns; Cy = 50 pF 


[ Tamb (°C) | TEST CONDITIONS 
74HCT | 
SYMBOL | PARAMETER ae UNIT | V WAVEFORMS 
CC 
+25 —40 to +85 | —40to +125 Vv 
i min. | typ. | max. | min. | max. /min. max. 
ion del ‘- 
propagation delay , 
tPLH CP to OQ, 21 | 35 44 53 | ns 4.5 Fig. 6 
propagation delay a. : ; 
TPHL MR to OQ, 20 | 35 44 53 ns | 4.5 Fig. 7 
++ — a 
a output transition time 7 15 19 22 ns 4.5 Fig. 6 
: clock pulse width 16 7 20 
Ww HIGH or LOW 
master reset pulse 
tw width; HIGH a0: i e2 
Sa 
removal time 
trem MR to CP ae 1 
set-up time “a 
tsy Dj, to CP 16 4 20 
hold time 
th D, to CP oF sires 2 
crmereal acne renal eae _ 
maximum clock pulse 
Fmax frequency 30 | 63 at 
aoe) ae 
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PC74HC/HCT 174 


AC WAVEFORMS 


390 


MSI 


CP INPUT 


Q, OUTPUT 


7293640 


Fig. 6 Waveforms showing the clock (CP) to output (Q,) 
propagation delays, the clock pulse width, the output 
transition times and the maximum clock pulse frequency. 


CP (NPUT 


D, INPUT 


Q,, OUTPUT 


7293142 


Fig. 8 Waveforms showing the data set-up and hold times 


for the data input (Dy). 
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CP INPUT 


Q, OUTPUT 


7293659 


Fig. 7 Waveforms showing the master reset (MR) pulse width, 
the master reset to output (Q,,) propagation delays and the 
master reset to clock (CP) removal time. 


Note to Fig. 8 
The shaded areas indicate when the input is permitted to 
change for predictable output performance. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vj = GND to Vcc. 
HCT: Vy =1.3V; Vj = GND to 3V. 


PC74HC/HCT175 
MSI 


QUAD D-TYPE FLIP-FLOP WITH RESET; POSITIVE-EDGE TRIGGER 


FEATURES 


@ Four edge-triggered D flip-flops 
@ Output capability: standard 
® JIcc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT175 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT175 have four edge- 
triggered, D-type flip-flops with 
individual D inputs and both Q and O 
outputs. 

The common clock (CP) and master reset 
(MR) inputs load and reset (clear) all 
flip-flops simultaneously. 

The state of each D input, one set-up 
time before the LOW-to-HIGH clock 
transition, is transferred to the 
corresponding output (Q,,) of the 
flip-flop. 

All Q, outputs will be forced LOW 
independently of clock or data inputs 

by a LOW voltage level on the 

MR input. 

The device is useful for applications where 
both the true and complement outputs 
are required and the clock and master 
reset are common to all storage elements. 


7293241 


Fig. 1 Pin configuration. 


- 


TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 
+ 
propagation delay 
t CP to Qn, Qn 
PHL MR to Q,, 
=~ CL =15pF 

CP to Qn, Oy 

‘PLH MR to O, Veco =9V 


fmax maximum clock frequency 


C; input capacitance 


Cc power dissipation 
PD capacitance per flip-flop 


notes 1 and 2 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in pW): 
Pp =Cpp x Vcc’ x fj + © (CL x VEC? x fo) where: 
fj = input frequency in MHz CL 
fo = output frequency in MHz VCC 
x (Cy x Voc? x fo) = sum of outputs 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT175P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT175T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 
SYMBOL NAME AND FUNCTION 


MR master reset input (active LOW) 

Qo to O3 flip-flop outputs 

Qo to 03 complementary flip-flop outputs 

Do to D3 data inputs 

GND ground (0 V) 

CP clock input (LOW-to-HIGH, edge-triggered) 
Vcc positive supply voltage 


7Z93242 


7293243 


Fig. 2 Logic symbol. 


Fig. 3 IEC logic symbol. 
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PC74HC/HCT175 
MSI 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


INPUTS OUTPUTS 


OPERATING MODES 


H = HIGH voltage level 
h = HIGH voltage level one set-up time prior to the 
LOW-to-HIGH CP transition 
LOW-to-HIGH CP transition 
age t = LOW-to-HIGH CP transition 
Do Dy Do D3 
\/ \/ \V \/ 


7293245 Qo Q Q, a, Qo Qo Q3 Q3 


Fig. 5 Logic diagram. 
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Quad D-type flip-flop with reset; positive-edge trigger 


MSI 


DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter ‘’HCMOS family characteristics’, section ‘‘Family specifications’’. 
Output capability: standard 

!cc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V;t, = t¢= 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 


74HC 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
2010 +85 | ~4010 1125 : 
2.0 
44 


tPHL/ propagation delay 220 

tPLH CP to Oy, Qh 7 

tPHL/ 225 2.0 

PLH 45 ns 4.5 Fig. 8 

tPLH . 45 
2.0 ; 
4.5 | Fig.6 
6.0 


2.0 
4.5 | Fig. 6 
6.0 


37 


190 
38 
33 
100 120 
24 
20 


propagation delay 
MR to Op, Qh 


output transition time 


6 13 


clock pulse width 
HIGH or LOW 


wd od (FJ) 

oo 

N®— 

oOo ca 

© 
—=% 
“Oo 


: aca sath 80 19 100 120 
He 7 reset pulse wi 16617 20 24 Fig. 
14 |6 17 20 : 
removal time eS : a ae 
rab dates —12 5 5 4.5 Fig. 8 
MR to CP —10 5 5 6.0 
set-up time : 2 ma 
: ; ig. 7 
Dry to CP re yi a 


hold time 
CP to Dn 


3 oN 
ono 
co 


ol — ND 


; 6 25 
maximum clock pulse 30 | 75 24 
frequency 35 | 89 28 


— = © 
OO 
ow 


20 
4 

20 
24 
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PC74HC/HCT 175 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 


coefficient 


1.00 
0.60 
0.40 


AC CHARACTERISTICS FOR 74HCT 


GND =0 V; ty, = tf = 6 ns; Cy = 50 pF 


TEST CONDITIONS 
SYMBOL| PARAMETER UNIT | Vec} WAVEFORMS 
—40to +85 | —40to+125 
; max. 


tpH/ propagation delay 


propagation delay 


MR to Q, 


propagation delay 
MR to Q, 


clock pulse width 
HIGH or LOW 


removal time 


MR to CP 


set-up time 16 
Dr to CP 
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Quad D-type flip-flop with reset; positive-edge trigger 


AC WAVEFORMS 


CP INPUT 


_f 
el le tTLH 
> tPLH > 


Fig. 6 Waveforms showing the clock (CP) to 
outputs (Qn, Qn) propagation delays, the clock 
pulse width, output transition times and the 
maximum clock pulse frequency. 


Q,, OUTPUT 


7293246 


MR INPUT 


CP INPUT 


Q,, OUTPUT 


7293248 


Fig. 8 Waveforms showing the master reset 
(MR) pulse width, the master reset to outputs 
(Q,, Gp) propagation delays and the master 
reset to clock (CP) removal time. 


PC74HC/HCT 175 
MS! 


CP INPUT 


SN 


VTLETT FF 


Dp INPUI Y Yj W/ 777 


1 
Q,, OUTPUT f Vy") — 
Vu 't) 
Q,, OUTPUT 
7293247 


Fig. 7 Waveforms showing the data set-up and 
hold times for the data input (Dj). 


Note to Fig. 7 


The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 


Note to AC waveforms 
(1) HC : Vpg = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; Vy = GND to3V. 
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PC74HC/HCT181 
MSi 


4-BIT ARITHMETIC LOGIC UNIT 


FEATURES 


® Full carry look-ahead for high-speed 
arithmetic operation on long words 

® Provides 16 arithmetic operations: 
add, subtract, compare, double, 
plus 12 others 

@ Provides all 16 iogic operations of 
two variables: 
EXCLUSIVE-OR, compare, AND, 
NAND, NOR, OR plus 10 other 
logic operations 

® Output capability: standard 

® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT 181 are high-speed 
Si-gate CMOS devices and are pin 
compatible with iow power Schottky 
TTL (LSTTL.). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT181 are 4-bit high-speed 
parallel Arithmetic Logic Units (ALU). 
Controlled by the four function select 
inputs (Sg te $3) and the mode control 
inputs (M), they can perform all the 

16 possible logic operations or 16 different 
arithmetic operations on active HIGH or 
active LOW operands (see function table). 


When the made control input (M) is HIGH, 
all internal carries are inhibited and the 
device performs logic Operations on the 
individual bits as listed. When M is LOW, 
the carries are enabled and the “181” 
performs arithmetic operations on the two 
4-bit words. The 181" incorporates full 
internal carry look-ahead and provides for 
either ripple carry between devices using 
the Cy+q output, or for carry look-ahead 
between packages using the carry 


(continued on next page) 


Fig. 1 Pir configuration. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


SYMBOL |§ PARAMETER 


eee 


CONDITIONS 


propagation delay 
An Or By to A=B 


Ci =15pF 
Vec=5V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT181P: 24-lead DIL: plastic (SOT-101A). 
PC74HC/HCT181T: 24-lead mini-pack; plastic (SO-24; SOT-137A). 


PIN DESCRIPTION 


PIN NO. SYMBOL | NAME AND FUNCTION 

1, 22, 20, 18 Bg to Bg operand inputs (active LOW) 
2,23,21,19 | AgtoA3 operand inputs (active LOW) 

6,5, 4,3 So to $3 select inputs 

7 Ch carry input 

8 M mode control input 

9,10, 11, 13 Fo to F3 function outputs (active LOW) 

12 GND ground (0 V) 

14 A=B comparator output 

15 P carry propagate output (active LOW) 
16 Cn+4 carry output 

17 G carry generate output (active LOW) 
24 Vcc | este supply voltage 


DEVELOPMENT DATA 


4-bit arithmetic logic unit 


GENERAL DESCRIPTION (Cont'd) 


propagation (P) and carry generate (G) 
signals. P and G are not affected by carry 
in. When speed requirements are not 
stringent, it can be used in a simple ripple 
carry mode by connecting the carry 
output (C,,44) signal to the carry input 
(C,) of the next unit. 

For high-speed operation the device is 
used in conjunction with the ‘’182” carry 
look-ahead circuit. One carry look-ahead 
package is required for each group of 
four “181” devices. Carry look-ahead can 
be provided at various levels and offers 
high-speed capability over extremely long 
word lengths. 


The comparator output (A=B) of the 
device goes HIGH when all four function 
outputs (Fg to F3) are HIGH and can be 
used to indicate logic equivalence over 

4 bits when the unit is in the subtract 
mode. A=B is an open drain output 

and can be wired-AND with other A=B 
outputs to give a comparison for more 
than 4 bits. The A=B signal can also be 
used with the C,+4 signal to indicate 
A> BandA<B. 


The function table lists the arithmetic 
operations that are performed without a 
carry in. An incoming carry adds a one to 
each operation. Thus, select code LHHL 
generates A minus B minus 1 

(2s complement notation) without a carry 
in and generates A minus B when a carry 
is applied. 


Because subtraction is actually performed 
by complementary addition (1s 
complement), a carry out means borrow; 
thus, a carry is generated when there is 
no under-flow and no carry is generated 
when there is underflow. 


As indicated, the “181” can be used with 
either active LOW inputs producing active 
LOW outputs or with active HIGH inputs 
producing active HIGH outputs. 

For either case the table lists the 
operations that are performed to the 
operands. 


FUNCTION TABLES 


PC74HC/HCT181 
MSI 


MODE SELECT INPUTS ACTIVE HIGH INPUTS AND OUTPUTS 
7 Ay 
LOGIC ARITHMETIC** 
$3 L $2 $1 So (M=H) (M=L; C,=H) 
L L E L A A 
L L L H A+B A+B 
L L H L AB A+B 
L L H H logical 0 minus 1 
L H L L AB AplusAB | 
L H L H B (A + B) plus AB 
L H H L A®B A minus B minus 1 
L H H H AB AB minus 1 
H L L L A+B A plus AB 
H L L H A®B A plus B 
H L H L B (A +B) plus AB 
H L H H AB AB minus 1 
H H L L A plus A* 
H H L. H (A +B) plus A 
H H H L (A +B) plus A 
H H H H 


A minus 1 


MODE SELECT INPUTS ACTIVE LOW INPUTS AND OUTPUTS 

A LOGIC | ARITHMETIC#* 
0 (M=H) (M=L; C,=L) 

L L L L | A minus 1 

L L L H AB minus 1 

L L H L AB minus 7 

L L H H logical 1 minus 1 

a H L L A+B A plus (A + B) 

L H L H Bo AB plus (A + B) 

L H H L A®B A minus B minus 1 

L H H H A+B A+B 

H L L L AB A plus (A + B) 

H L L H A®B A plus B 

H L H L B AB plus (A + B) 

H L H H A+B A+B 

H H L L logical O A plus A* 

H H L H AB AB plus A 

H H H L AB AB plus A 

H H H H A A 


Notes to function tables 
* Each bit is shifted to the next more significant position. 
** Arithmetic operations expressed in 2s complement notation. 


H = HIGH voltage level 
L = LOW voltage level 
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PC74HC/HCT 182 
MS! 


LOOK-AHEAD CARRY GENERATOR 


FEATURES 


@ Provides carry look-ahead across a 
group of four ALU’s 

@ Multi-level look-ahead for high-speed 
arithmetic operation over long word 
length 

@ Output capability: standard 


© Icc category: MSI 
GENERAL DESCRIPTION 


The 74HC/HCT 182 are high-speed 
Si-gate CMOS clevices and are pin 
compatible with iow power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no, 7. 


The 74HC/HCT182 carry look-ahead 
generators accept up to four pairs of _ 
active LOW carry propagate (Pg, P71, Pa, 
P3) and carry generate (Go, Gy, G2, G3) 
signals and an active HIGH carry input 
(Cy). The devices provide anticipated 
active HIGH carries (Cy+y, Caty, Cn+z) 
across four groups of binary adders. 

The 182” also has active LOW carry 
propagate (P} and carry generate (G) 
outputs which may be used for further 
levels of look -ahead. 

The logic equations provided at the 
outputs are: 

Cn+x = GO+PaCh 

Cnty =G1+P1Gg + PiPoCn 

Ch+z = G2+P2Gy + P2P{GO + P2P1POCn 


G = G3 + P3G9 + P3P2G7 + P3P9P7GQ 
P == = P3PoP 1P9 

The 182” can also be used with binary 
ALU’s in an active LOW or active HIGH 
input operand mode. The connections to 


and from the ALU to the carry look-ahead 
generator are identical in both cases. 


7293769 


Fig. 1 Pin configuration. 
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TYPICAL 


feos tue 
SYMBOL PARAMETER 


propagation delay 


CONDITIONS 


tpy L/ Pr to P C) = 
L = 15 pF 
tPLH Cn to any output = 
Pry or Gy Meco SY 


to any output 


C, input capacitance 


C power dissipation 
PD Capacitance per package 


notes 1 and 2 


GND = OV; Tamb = 25 as ty = tf =6ns 

Notes 

1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 

Pp =Cpp x Vcc? x fj + © (CL x VEC? x fo) where: 

fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
x (Ci x Vcc? x fg) = sum of outputs 

2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj} = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT182P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT182T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


output load capacitance in pF 
supply voltage in V 


PIN DESCRIPTION 


SYMBOL 


NAME AND FUNCTION 


carry generate inputs (active LOW) 
carry propagate inputs (active LOW) 
carry propagate output (active LOW) 
ground (0 V) 

function output 


3,1, 14,5 
4,2,15,6 


carry generate output (active LOW) 


11 function output 

12 function output 

13 carry input (active HIGH) 
16 


positive supply voltage 


7293770 


7293771 


Fig. 2 Logic symbol. {EC logic symbol. 


Look-ahead carry generator PC74HC/HCT 182 
MSI 


7293772 


Fig. 4 Functional diagram. 


7293773 P 


Fig. 5 Logic diagram. 
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PC74HC/HCT 182 
MSI 


Look-ahead carry generator 


DC CHARACTERISTICS FOR 74HC 


c 


For the DC characteristics see chapter ‘’HCMOS family characteristics’, section ’’Family specifications’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV; tr = tf = 6 ns; Cy = 50 pF 


TEST CONDITIONS 


SYMBOL | PARAMETER 
tPHL/ propagation delay 5 
Ph to P 6 


propagation delay 
Cn to any output 


— 


propagation delay 
Py or Gn to G 


| 


propagation delay 
Ph or Gn to Cntn 


output transition time 


OBN | OBN) MAN | OMAN | OH! 
COMO | OoMmo0! OMoO |oWo |oMmo! 


January 1986 401 


PC74HC/HCT 182 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ’-HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc¢ per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


Go, G1, Po, P1, P2 
G 


braet eed 
G92, P3, Ch 


AC CHARACTERISTICS FOR 74HCT 
GND =OV; ty = tf =6 ns; CL = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
UNIT | Vcc} WAVEFORMS 


—40 to +85 | —40 to +125 Vv 


propagation delay 17 131 47 a 
Pn toP 
tpHL/ propagation delay : 
Cn to any output 25 4.5 Fig. 6 
tPpHL/ propagation delay ; 
propagation delay 
Pn or Gp to Crtn 


e,e 


output transition time 


OUTPUT 


7293774 tTHL Se! 


Fig. 6 Waveforms showing the input (Pp, Cn, Gp) to 

any output propagation delays and the output Note to AC waveforms 

transition times. (1) HC : Vy = 50%; Vj = GND to Vcc 
HCT: Vjy = 1.3V; Vj = GND to 3V. 
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PC74HC/HCT 190 


MSt 


A 2 A OO RNR OR 


PRESETTABLE SYNCHRONOUS BCD DECADE UP/DOWN COUNTER 


FEATURES 


@ Synchronous reversible counting 

® Asynchronous parallel load 

® Count enable control for synchronous 
expansion 

® Single up/down control input 

® Output capability: standard 

® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT190 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT190 are asynchronously: 
presettable up/down BCD decade counters. 
They contain four master/slave flip-flops 
with internal gating and steering logic to 
provide asynchronous preset and 
synchronous count-up and count-down 
operation. 


Asynchronous parallel load capability 
permits the counter to be preset to any 
desired number. Information present on 
the parallel data inputs (Dg to D3) is 
loaded into the counter and appears on 
the outputs when the parallel load (PL) 
input is LOW. As indicated in the function 
table, this operation overrides the counting 
function. 


Counting is inhibited by a HIGH level on 
the count enable (CE) input. When CE is 
LOW internal state changes are initiated 
synchronously by the LOW-to-HIGH 
transition of the clock input. The up/down 
(U/D) input signal determines the direction 
of counting as indicated in the function 
table. The CE input may go LOW when the 
clock is in either state, however, the 
LOW-to-HIGH CE transition must occur 
only when the clock is HIGH. Also, the U/D 
input should be changed only when either 
CE or CP is HIGH. 


(continued on next page) 


7293709 


Fig. 1 Pin configuration. 


TYPICAL 


eee L.. Fak sage era 
[a HOT 
{ ry 
Cy = 15 pF | 22 - 
— Vcc = 5 V Ee “ a es < 
maximum clock frequency i 28 | 30 
oe eres oe ee ee eee 
input capacitance Wee oame gee 25) pF 
Beas ha ato BE So Dt Bee one dt Re westenes| “he Peers ee 
nat F i i 
power dissipation 4? |: 38 F 
Cpp capacitance per package Hotes tans | a8 | pF 
RIERA Beceem RATE SEES SARE OSS GROMER e ane earinl ennae vee 


GND = 0 V; Tamb = 25 C; ty = tp = 6s 

Notes 

1. Cpp is used to determine the dynamic power dissipation (Pry in wW): 

Pp =Cpp x Vcc’ x fj + © (CL x Vcc? x fo) where: 

fj = input frequency in MHz CL = 
fo = output frequency in MHz = 
2 (Cy x Vcc’ x fg) = sum of outputs 

2. For HC thecondition is Vj} = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


supply voltage in V 


ORDERING INFORMAT!ION/PACKAGE OUTLINES 


PC74HC/HCT190P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT190T: 16-lead mini-pack; plastic (SO-16; SOT-1094). 


PIN DESCRIPTION 


SYMBOL 


Qo to O3 flip-flop outputs 

count enable input (active LOW} 
up/down input 

ground (0 V} 


parallel load input (active LOW) 


11 


12 ag terminal count output 

13 RC ripple clock output (active LOW) 

14 CP clock input (LOW-to-HIGH, edge triggered) 

15, 1, 10, 9 Do to D3 data inputs 

16 Vcc | positive supply voltage | 


a 


CTRDIVIO 


Ir sos ae pbianiainenteiieet aibeeniaieenandieaneponiaimpimminenenaneie’ 


H 
7293713 = = 
2CT=0/2CT=9 


3 2 6 ] 


7Z93745 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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output load capacitance in pF 


NAME AND FUNCTION 
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PC74HC/HCT 190 


404 


MSi 


u/ COUNTER . 


FLIP FLOPS 
3 2 6 


7Z93998 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


OUTPUTS 
OPERATING MODE Dae 
L 


parallel joad H 


count up count up 


i 
H 
Xx 
count down 


crmmexKxxX<x 
mooexx«xx 


H = HIGH voltage level 

L = LOW voltage level 

| = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
X = don’t care 

t = LOW-to-HIGH CP transition 

“LI = one LOW level pulse 

“L. = TC goes LOW on a LOW-to-HIGH CP transition 
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GENERAL DESCRIPTION (Cont'd) 


Overflow/underflow indications are 
provided by two types of outputs, the 
terminal count (TC) and ripple clock (RC). 
The TC output is normally LOW and goes 
HIGH when a circuit reaches zero in the 
count-down mode or reaches ‘’9”’ in the 
count-up-mode. The TC output will 
remain HIGH until a state change occurs, 
either by counting or presetting, or until 
U/D is changed. Do not use the TC output 
as aclock signal because it is subject to 
decoding spikes. The TC signal is used 
internally to enable the RC output. When 
TC is HIGH and CE is LOW, the RC output 
follows the clock pulse (CP). This feature 
simplifies the design of multistage 
counters as shown in Figs 5 and 6. 


In Fig. 5, each RC output is used as the 
clock input to the next higher stage. It is 
only necessary to inhibit the first stage to 
prevent counting in all stages, since a 
HIGH on CE inhibits the RC output pulse 
as indicated in the function table. The 
timing skew between state changes in the 
first and last stages is represented by the 
cumulative delay of the clock as it ripples 
through the preceding stages. This can be 
a disadvantage of this configuration in 
some applications. 


Fig. 6 shows a method of causing state 
changes to occur simultaneously in all 
stages. The RC outputs propagate the 
carry/borrow signals in ripple fashion and 
all clock inputs are driven in parallel. 

In this configuration the duration of the 
clock LOW state must be long enough to 
allow the negative-going edge of the 
carry/borrow signal to ripple through to 
the last stage before the clock goes HIGH. 
Since the RC output of any package goes 
HIGH shortly after its CP input goes HIGH 
there is no such restriction on the HIGH- 
state duration of the clock. 


In Fig. 7, the configuration shown avoids 
ripple delays and their associated 
restrictions. Combining the TC signals 
from all the preceding stages forms the 

CE input for a given stage. An enable must 
be included in each carry gate in order to 
inhibit counting. The TC output of a given 
stage it not affected by its own CE signal 
therefore the simple inhibit scheme of 
Figs 5 and 6 does not apply. 


Presettable synchronous BCD decade up/down counter PC74HC/HCT190 
MSI 


ar 


DIRECTION _ ; = besa ON oe Seether gate, 
CONTROL Pte ear ty teen ee 
sen ae 1 1C (© Seteettental foie iaiong Sag 
ENABLE ———-————O] CE ~ 
CLOCK Lae aes 
7292995 
Fig. 5 N-stage ripple counter using ripple clock. 
DIRECTION i ee ; pee Panadol, 
CONTROL 
ENABLE ————O|CE 
CLOCK ‘3 os : poe Ore Steed Co cettalt ae a 
71Z93996 
Fig. 6 Synchronous n-stage counter using ripple carry/borrow. 


on BOON a. scree ss ee A Rt NTR - AeTReertearvenaee eantewen; shremncals 11 Amanammime eres Somer Acreey teh wnmmemue MES Sem Saat oe Sane MN ae EA ee tks ee ee 
CONTROL j 
ENABLE Dai denchacnomneich abstain warwmneedneasy | Sands) hare hc 
> O-———O} CE ) OFC “eu 
229297 
Fig. 7 Synchronous n-stage counter with parallel gated carry/borrow. 
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AL | | Sequence 


Load (preset) to BCD seven; 


D a a i ma : ; 
Oto | jt--——~——-—-—-—-—------- count up to eight, nine, zero, 
“ ate agate ah eae ae As on, a et ee ee one and two; 
1 é ea Ae 
[ic cnomcmanne:  -an 
Dy CE ae Te Oe en count down to one, zero, 
Ce ee ne men eee ea Ge ores. g gh nine, eight and seven. 
D3 Be fated ee eee eg GS ae 


vee al (salmaaa omc 
RC ce 


ed eee ee 2 /]2 |} t+ +O 9 8 7 


ee] 1e————— COUNT UP ——— INHIBIT > <———-— COUNT DOWN —> 
LOAD 7293719 


Fig. 8 Typical load, count and inhibit sequence. 


V V V IV 
aL of 
CY 
rl tt em | a oe = 
PS a 
seile . 


VV \/ 7293723 


Fig. 9 Logic diagram. 
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Presettable synchronous BCD decade up/down counter 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications. 


Output capability: standard 
Icc category: MS! 


AC CHARACTERISTICS FOR 74HC 
GND =OV;t, =tp=6 ns; Cy = 50 pF 


——- 


—————___—— — 


Tamb (°C) 


74HC 


SYMBOL | PARAMETER 


propagation delay 


ns 


tPLH CP to Op 


tpHL/ propagation delay 
tPLH CP to TC 
tpHL/ propagation delay 
tPLH CP to RC 
tpHL/ propagation delay 
tPLH CE to RC 


propagation delay 
Dry to Oy 


propagation delay 
PL to Qn 


propagation delay 
U/D to TC 


265 
propagation delay 53 
U/D to RC he 
95 
output transition time 19 
16 
195 
clock pulse width 39 
‘Ww HIGH or LOW 2 
: 55 
ty count enable pulse width ue 
26 
; 125 
tw parallel load pulse width 25 
21 
; 45 
removal time 9 
‘rem PL to CP : 


©o— 01 
-— O1 


a) 
n 


wn wn mn wn 


PC74HC/HCT 190 


TEST CONDITIONS 


Vcc | WAVEFORMS 


Fig. 


10 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


10 
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AC CHARACTERISTICS FOR 74HC (Continued) 


Tamb (C) TEST CONDITIONS 


74HC 
SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS 
Esc 


set-up time 205; 61 255 310 2.0 
tsy U/D to CP ae a re fe Mp Fig. 17 
set-up time - eg 
Dy, to PL 17 ; oy 
set-up time : oe > 175 
CE to CP ah i: 


hold time 
U/D to CP 


hold time _ 
Dry to PL 


WAN 
On = 
SNS 
ono 


hold time 


CE to CP Fig. 17 


eles 
WO 
WwW 


—6 : 
: 3.0 | 83 2.4 2.0 2.0 

maximum clock pulse 15 | 25 10 MHz 

frequency 18 30 12 
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Presettable synchronous BCD decade up/down counter PC74HC/HCT190 
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DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications. 


Output capability: standard 
cc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 
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AC CHARACTERISTICS FOR 74HCT 
GND =0V;t, = t¢ = 6 ns; Cy = 50 pF 


TEST CONDITIONS 


typ 


Tamb (°C) 


74HCT 
SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS 


—40 to +85 | —40 to +125 V 


propagation delay 
CP to OQ, 


propagation delay 
CP to TC 

propagation delay 
CP to RC 


tpy/ propagation delay 


tPLH CE to RC 


Fig. 10 


N = = NO N NO NO = N) Ww NO 
aS aS WwW Ww 
on co to) on 


Ww NO oT N OW ow 
© or OO © = co 


tpy/ propagation delay 
tPLH Dy to On 


tpyH/ propagation delay 
tPLH PL to OQ, 
tpy/ propagation delay 
tPLH U/D to TC 
tpHL/ propagation delay 
tPLH U/D to RC 
tTHL/ output transition time 
tTLH 
clock pulse width 
‘Ww HIGH or LOW i 


count enable pulse width 
LOW 


—_ = bh w 
n 
pi os s 
o1 o1 ol 


* 
NO 


S 
n 
S : 
_ 
o1 


ot 


parallel load pulse width 
LOW 


tw 
t removal time 
rem PL to CP 
set-up time 
U/D to CP 
set-up time 
Dry to PL 
set-up time 31 
CE to CP 


hold time 


U/D to CP 
hold time_ 

Dry to PL 
hold time 

CE to CP 


f maximum clock pulse 
frequency 


7 


Ww WwW > 


— 
oO 


t 
t 


Ww 
PS 


t 


NO > ~N NO NO 
© NO NO o1 


—_ 
© 
oO 


i fare) S| 
‘ ‘ o s ‘ 
Seiad 
~ 


s 
x= 
N 
= 
o1 
au ee 
a) a 
—_ —_ 
© ~ 


su 
SU 
SU 
h 


—1 


© 


t 


th 
th 


~ 
= 
Ww 


FyP 
fe) 
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Presettable synchronous BCD decade up/down counter PC74HC/HCT190 
MS! 


AC WAVEFORMS 


CP INPUT 


OUTPUT 


OUTPUTS 


7293737 
7293727 


Fig. 11 Waveforms showing the clock and count 
enable inputs (CP, CE) to ripple clock output 
(RC) propagation delays and the CE pulse width. 


Fig. 10 Waveforms showing the clock (CP) to 
output (Q,,) propagation delays, the clock pulse 
width and the maximum clock pulse frequency. 


Q,, OUTPUT 


OUTPUT 
7293738 


7Z93729 


Fig. 12 Waveforms showing the input (Dy) to Fig. 13 Waveforms showing the input (PL) to 
output (Q,) propagation delays. output (Q,) propagation delays. 


PL INPUT 


U/D INPUT 


CP INPUT 
TC OUTPUT 


RC OUTPUT Q,, OUTPUT 


7293728 
7293734 


Fig. 15 Waveforms showing the parallel load 
input (PL) pulse width, removal time to clock 
(CP) and the output (Q,) transition times. 


Fig. 14 Waveforms showing the up/down count 
input (U/D) to terminal count and ripple clock 
output (TC, RC) propagation delays. 
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AC WAVEFORMS (Continued) 


D, INPUT 


PL INPUT 


Fig. 16 Waveforms showing the set-up and hold 
times from the parallel load input (PL) to the 
data input (D,). 


7293730 


Note to AC waveforms 
(1) HC : Vyq = 50%; V; = GND to Vcc. 
HCT: Vy =1.3V; Vj = GND to 3V. 
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CP INPUT 


7293731 


Fig. 17 Waveforms showing the set-up and hold 
times from the count enable and up/down inputs 
(CE, U/D) to the clock (CP). 


Note to Figs 16 and 17 


The shaded areas indicate when the input is permitted 
to change for predictable output performance. 


PC74HC/HCT191 
MSI 


PRESETTABLE SYNCHRONOUS 4-BIT UP/DOWN COUNTER 


FEATURES 


@® Synchronous reversible counting 

@® Asynchronous parallel load 

@® Count enable control for synchronous 
expansion 

® Single up/down control input 

® Output capability: standard 

© Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT191 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT191 are asynchronously 
presettable 4-bit binary up/down counters. 
They contain four master/slave flip-flops 
with internal gating and steering logic to 
provide asynchronous preset and 
synchronous count-up and count-down 
operation. 


Asynchronous parallel load capability 
permits the counter to be preset to any 
desired number. Information present on 
the parallel data inputs (Dg to D3) is 
loaded into the counter and appears on 

the outputs when the parallel load (PL) 
input is LOW. As indicated in the function 
table, this operation overrides the counting 
function. 


Counting is inhibited by a HIGH level on 
the count enable (CE) input. When CE is 
LOW internal state changes are initiated 
synchronously by the LOW-to-HIGH 
‘transition of the clock input. The up/down 
(U/D) input signal determines the direction 
of counting as indicated in the function 
table. The CE input may go LOW when the 
clock is in either state, however, the 
LOW-to-HIGH CE transition must occur_ 
only when the clock is HIGH. Also, the U/D 
input should be changed only when either 
CE or CP is HIGH. 


(continued on next page) 
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Fig. 1 Pin configuration. 


TYPICAL 


SYMBOL PARAMETER CONDITIONS 

tpH/ propagation delay 

tPLH CP to Qy Ci =15 pF 
Vcc =5V 


maximum clock frequency 


input capacitance 


power dissipation 


. notes 1 and 2 
Capacitance per package 


GND = 0 V; Tamb = 25 °C; ty = tz = 6 ns 

Notes 

1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 

Pp =Cpp x Vcc’ x fi + = (CL x VEC? x fo) where: 

fj = input frequency in MHz CL = 
fo = output frequency in MHz ~VCC = 
2 (Cy x Vec? x fo) = sum of outputs 

2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT191P: 16-lead DIL; plastic (SOT-382). 
PC74HC/HCT191T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


PIN NO. SYMBOL NAME AND FUNCTION 

3, 2,6, 7 Qo to Q3 flip-flop outputs 

4 CE count enable input (active LOW) 
5 U/D up/down input 

8 GND ground (0 V) 

11 PL parallel load input (active LOW) 
12 TC terminal count output 

13 RC ripple clock output (active LOW) 
14 CP clock input (LOW-to-HIGH, edge triggered) 
15, 1, 10, 9 Do to D3 data inputs 

16 Vcc 


positive supply voltage 


7 7293713 


1,2,4CT=0 
1,2,4CT=15 


7293716 


Fig. 2 Logic symbol. 


ig. 3 IEC logic symbol. 
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414 


7293998 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


INPUTS OUTPUTS 


OPERATING MODE - a 

am |e | or | o fare 

eee EERE 

A 
H X 


hold (do nothing) 


Px nt one 


HIGH voltage level 

LOW voltage level | 

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
don’t care . 

LOW-to-HIGH CP transition 

one LOW level pulse 

TC goes LOW on a LOW-to-HIGH CP transition 


ft oo oH oH We a ou 


Fee ee 
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GENERAL DESCRIPTION (Cont'd) 


Overflow/underflow indications are 
provided by two types of outputs, the 
terminal count (TC) and ripple clock (RC). 
The TC output is normally LOW and goes 
HIGH when a circuit reaches zero in the 
count-down mode or reaches ‘‘15”’ in the 
count-up-mode. The TC output will 

remain HIGH until a state change occurs, 
either by counting or presetting, or until 
U/D is changed. Do not use the TC output 
as aclock signal because it is subject to 
decoding spikes. The TC signal is used 
internally to enable the RC output. When 
TC is HIGH and CE is LOW, the RC output 
follows the clock pulse (CP). This feature 
simplifies the design of multistage 
counters as shown in Figs 5 and 6. 


In Fig. 5, each RC Output is used as the 
clock input to the next higher stage. It is 
only necessary to inhibit the first stage to 
prevent counting in all stages, since a 
HIGH on CE inhibits the RC output pulse 
as indicated in the function table. The 
timing skew between state changes in the 
first and last stages is represented by the 
cumulative delay of the clock as it ripples 
through the preceding stages. This can be 
a disadvantage of this configuration in 
some applications. 


Fig. 6 shows a method of causing state 
changes to occur simultaneously in all 
stages. The RC outputs propagate the 
carry/borrow signals in ripple fashion and 
all clock inputs are driven in parallel. 
In'this configuration the duration of the 
clock LOW state must be long enough to 
allow the negative-going edge of the 
carry/borrow signal to ripple through to 
the last stage before the clock goes HIGH. 
Since the RC output of any package goes 
HIGH shortly after its CP input goes HIGH 
there is no such restriction on the HIGH- 
state duration of the clock. 


In Fig. 7, the configuration shown avoids 
ripple delays and their associated 
restrictions. Combining the TC signals 
from all the preceding stages forms the 

CE input for a given stage. An enable must 
be included in each carry gate in order to 
inhibit counting. The TC output of a given 
stage it not affected by its own CE signal 
therefore the simple inhibit scheme of 
Figs 5 and 6 does not apply. 


Presettable synchronous 4-bit binary up/down counter PC74HC/HCT191 
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DIRECTION 
CONTROL 


ENABLE ——————O 


CLOCK 


7293995 


Fig. 5 N-stage ripple counter using ripple clock. 


DIRECTION 
CONTROL 


ENABLE 


7293996 


Fig. 6 Synchronous n-stage counter using ripple carry/borrow. 


DIRECTION 
CONTROL 


ENABLE 


7293997 


Fig. 7 Synchronous n-stage counter with parallel gated carry/borrow. 
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Sequence 
Load (preset) to binary thirteen; 


D : 
0 Ac pt a peg Pe eee ee hee cae ee ea count up to fourteen, fifteen, 
. I—- ooo ea EE Ee Ee er eS zero, one and two; 
1 savas evs 
ore ee eet ew eee baw Gg et a See ee rg ee, ere inhibit: 
Do Se es er ee ee ge ey a ee count down to one, zero, fifteen, 


fourteen and thirteen. 


| 
Sed 
= a 


eae 
| 13 


1 0 15 14 13 


<—— COUNT DOWN —————> 
7293720 


14 15 0 1 2 2 


<— >| '«———— COUNT UP ————! INHIBIT > 
LOAD 


2 


Fig. 8 Typical load, count and inhibit sequence. 


0 


VV oe VV 
Ge veers eae af ee ras 
2 ee ee es ee eed 
GaP deere aaa Wea it eee 
HA al ae ee KR Ree eae 
Sa nd CS cna aca Dl PSN FO a a 
i se ee ER aS cael 
En mae REI la eC a a 
A Ee rl Se iene el 
U/D be eS a ee a ne ae eG Ht 


tae 


cp 


7293724 


Fig. 9 Logic diagram. 
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Presettable synchronous 4-bit binary up/down counter PC74HC/HCT191 
MS! 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’’, section ‘‘Family specifications. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND=OV;t, =t¢=6ns; Cy = 50 pF 


—_ eerie an 


Tamb (°C) TEST CONDITIONS 


74HC 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 | —40 to +125 Vv 
portent arsine ee ee 
tPpHL/ propagation delay 72 =| 220 
tp CP to O, 26 44 
ze eae Bi 1-37 
tPpHL/ propagation delay 83 | 255 
t GPA6" EG 30 | 51 
PLH alee 
tPHL/ propagation delay 47 | 150 
t CP to RC 17 | 30 
is 14 | 26 
tpHL/ propagation delay 33 | 130 
t CE to RC 12 | 26 
PLH Hales 
TPH L/ propagation delay a oe 
TPLH Dn to Qn le 
61 
propagation delay 59 
PL to Qn a 
44 
propagation delay if 
U/D to TC i. 
propagation delay a re 
U/D to RC Ve 
19 | 75 
output transition time 7 15 
6 13 
clock pulse width 78 a 
HIGH or LOW 22 | g oe 
t count enable pulse width oe 
" LOW 
21 
tw parallel load pulse width aa 
LOW a : 
35 8 
t removal time 5 3 
bi PL to CP a ie 
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AC CHARACTERISTICS FOR 74HC (Continued) 


SYMBOL 


tsy 


January 1986 


ee el (°C) TEST | -TESTCONDITIONS 


TAH 


PARAMETER UNIT Yoo WAVEFORMS 
a0 0 #88 | 4010-128, 


set-up time 
U/D to CP 


set-up time 


set-up time ns re Fig. 17 
CE to CP 6.0 
: 2.0 
hold time j 
ci 4.5 Fig. 17 
ease 2.0 
hold time : 
Lice 4.5 Fig. 16 
; 2.0 
hold time ; 
pbs ns 4.5 Fig. 17 
CE to CP 5 6.0 
2.0 
oa pulse MHz | 4.5 Fig. 10 
q 6.0 


Presettable synchronous 4-bit binary up/down counter PC74HC/HCT191 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘’Family specifications. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 
The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 

UNIT LOAD 

COEFFICIENT 


January 1986 419 


PC74HC/HCT191 
MSI 


AC CHARACTERISTICS FOR 74HCT 
GND=O0V;t, =t¢=6 ns; Cy = 50 pF 


Tne CC} TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 | —40 to +125 
‘ max. 


CE to RC 


ain | typ. | ma | in| mans | min 
ween | ale | le | 
poe delay 44 53 
propagation delay 


- propagation delay 
Dry to On 


propagation delay 


propagation delay 
U/D to TC 


propagation delay 
U/D to RC 


| 
| = 
~ N N N N = 
= p rN aN rN 
o on ro ron) B 
= o o on on aN 
Te) ror) o>) oe) o = 


clock pulse width 
HIGH or LOW 


count enable pulse width 


tw LOW 25 31 


tw rte load pulse width oy) 11 28 


t removal time 
rem PL to CP 


Sg eae eS 
t set-up time 
su U/D to CP 


| 
iL 
— 
NO 
(o) 
ey . 
— 


set-up time 
su D, to PL < 


ce) 
NO 
oa 


t set-up time 
su CE to CP 


w 
— 
(oe) 
Ww 
Oo 


; hold time 0 
h U/D to CP 


t hold time_ 
h Dy to PL 


hold time 
th CE to CP Oe alesve 


maximum clock pulse 
f max 
frequency 


| 
oe) 
a 
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Presettable synchronous 4-bit binary up/down counter 


AC WAVEFORMS 


max : 


CP INPUT 


OUTPUTS 


7293727 


Fig. 10 Waveforms showing the clock (CP) to 
output (Q,,) propagation delays, the clock pulse 
width and the maximum clock pulse frequency. 


Q,, OUTPUT 


7293738 


Fig. 12 Waveforms showing the input (D,) to 
output (Q,,) propagation delays. 


U/D INPUT 


TC OUTPUT 


RC OUTPUT 


7293728 


Fig. 14 Waveforms showing the up/down count 
input (U/D) to terminal count and ripple clock 
output (TC, RC) propagation delays. 


PC74HC/HCT 191 
MSI 


OUTPUT 


7293737 


Fig. 11 Waveforms showing the clock and count 
enable inputs (CP, CE) to ripple clock output 
(RC) propagation delays and the CE pulse width. 


OUTPUT 


7293729 


Fig. 13 Waveforms showing the input (PL) to 
output (Q,,) propagation delays. 


PL INPUT 


CP INPUT 


Q, OUTPUT 


7293734 


Fig. 15 Waveforms showing the parallel load 
input (PL) pulse width, removal time to clock 
(CP) and the output (Q,,) transition times. 
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AC WAVEFORMS (Continued) 


P INPUT 
Dy, INPUT : 


PL INPUT 


Fig. 16 Waveforms showing the set-up and fic:id Fig. 17 Waveforms showing the set-up and hold 
times from the parallel load input (PL) to the times from the count enable and up/down inputs 
data input (Dj). (CE, U/D) to the clock (CP). 


7293730 7293731 


Note to AC waveforms Note to Figs 16 and 17 
(1) HC : Vy = 50%; V; = GND to Vec. The shaded areas indicate when the input is permitted 
HCT: Vy = 1.3V; Vj = GND to 3V. to change for predictable output performance. 
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PC74HC/HCT 192 
MSI 


PRESETTABLE SYNCHRONOUS BCD DECADE UP/DOWN COUNTER 


FEATURES 


Synchronous reversible counting 
Asynchronous parallel load 
Asynchronous reset 

Expandable without external logic 
Output capability: standard 

Icc category: MSI 


GENERAL DESCRIPTION 

The 74HC/HCT192 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT192 are synchronous 
BCD up/down counters. 

Separate up/down clocks, CP\y and 

CPp respectively, simplify operation. 
The outputs change state synchronously 
with the LOW-to-HIGH transition of 
either clock input. If the CPyy clock is 
pulsed while CPp is held HIGH, the 
device will count up. If the CPp clock is 
pulsed while CPy is held HIGH, the 
device will count down. Only one clock 
input can be held HIGH at any time, or 
erroneous operation will result. The 
device can be cleared at any time by the 
asynchronous master reset input (MR); 
it may also be loaded in parallel by 
activating the asynchronous parallel load 
input (PL). 


The ‘192’ contains four master-slave JK 


flip-flops with the necessary steering logic 


to provide the asynchronous reset, load, 
and synchronous count up and count 
down functions. 


Each flip-flop contains JK feedback from 


slave to master, such that a LOW-to-HIGH 


transition on the CPp input will decrease 


the count by one, while a similar transition 


on the CPy input will advance the count 
by one. 


(continued on next page) 


7293711 


Fig. 1 Pin configuration. 


CONDITIONS 


SYMBOL PARAMETER 


tpy./ propagation delay 
tPLH CPp, CPy to Oy 


maximum clock frequency 


C; input Capacitance 


Capacitance per package 


GND = 0 V; Tamb = 25 °C; t, = t = 6 ns 

Notes 

1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fi + = (CL x VEC? x fo) where: 


fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc: 
x (Cy x Vcc? x fo) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT192P: 16-lead DIL; plastic (SOT-382Z). 
PC74HC/HCT192T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


/PINNO, SYMBOL NAME AND FUNCTION 


flip-flop outputs 

count down clock input* 

count up clock input” 

ground (0 V) 

asynchronous parallel load input (active LOW) 


output load capacitance in pF 
supply voltage in V 


11 
12 
13 


terminal count up (carry) output (active LOW) 


terminal count down (borrow) output (active 
LOW) 


asynchronous master reset input (active HIGH) 


14 
15, 1, 10,9 
16 


data inputs 
positive supply voltage 


* LOW-to-HIGH, edge triggered 


7293714 


7293717 


Fig. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 
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GENERAL DESCRIPTION (Cont'd) 


One clock should be held HIGH while coun- 


ting with the other, otherwise the circuit 
will either count by two’s or not at all, 
depending on the state of the first flip-flop, 
which cannot toggle as long as either clock 
input is LOW. Applications requiring 
reversible operation must make the 
reversing decision while the activating clock 
is HIGH to avoid erroneous counts. 


The terminal count up (TCy) and terminal 
count down (TCp) outputs are normally 
HIGH. When the circuit has reached the 
maximum count state of 9, the next HIGH- 
to-LOW transition of CPx will cause TCy 
to go LOW. 

TCy will stay LOW until CP goes HIGH 
again, duplicating the count up clock. 


Likewise, the TCp output will go LOW 
when the circuit is in the zero state and 
the CPp goes LOW. The terminal count 
outputs can be used as the clock input 
signals to the next higher order circuit in a 


FUNCTION TABLE 


OPERATING MODE 


reset (clear) 


parallel load 


count up 
count down 


H = HIGH voltage level 
L = LOW voltage level 


'X = don’t care 


t = LOW-to-HIGH clock transition 


COUNTER 


FLIP FLOPS 
a 
7 


INPUTS OUTPUTS 


rl 


multistage counter, since they duplicate 
the clock waveforms. Multistage counters 
will not be fully synchronous, since there 
is a slight delay time difference added for 
each stage that is added. 


The counter may be preset by the 
asynchronous parallel load capability of 
the circuit. Information present on the 
parallel data inputs (Dg to D3) is loaded 
into the counter and appears on the 
outputs (Qo to Q3) regardless of the 
conditions of the clock inputs when the 
parallel load (PL) input is LOW. A HIGH 
level on the master reset (MR) input will 
disable the parallel load gates, override 
both clock inputs and set all outputs 

(Qg to Q3) LOW. If one of the clock 
inputs is LOW during and after a reset or 
load operation, the next LOW-to-HIGH 
transition of that clock will be interpreted 
as a legitimate signal and will be counted. 


| 


-| 
2) 
Oo 


count up 
count down 


* TCy =CPy at terminal count up (HLLH) 
** TCD =CPp at terminal count down (LLLL) 


<= Sef 2b... | Ee | at 


13 


7293999 


Fig. 4 Functional diagram. 
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Presettable synchronous BCD decade up/down counter 


PC74HC/HCT 192 
MSI 


0 7 8 9 0 1 2 1 0 9 8 7 
<————— COUNT uP 


> 
CLEAR PRESET 


<——— COUNT DOWN ———— 


7293721 


Fig. 5 Typical clear, load and count sequence. 


(1) Clear overrides load, data and 
count inputs. 


(2) When counting up the count down 
clock input (CPp) must be HIGH, 
when counting down the count up 
clock input (CP\y) must be HIGH. 


Sequence 


Clear (reset outputs to zero); 


load (preset) to BCD seven; 


count up to eight, nine, 
terminal count up, zero, 
one and two; 


count down to one, zero, 
terminal count down, nine, 
eight, and seven. 


Fig. 6 Logic diagram. 


7293725 
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DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV; ty = t= 6 ns; Cy = 50 pF 


Tamb (°C) 
SYMBOL | PARAMETER 


propagation delay ~ 
CPi, CPp to Q, 


TEST CONDITIONS 


UNIT 


Propagation delay 
CPi to TCy 


propagation delay 125 155 
CPp to TC 25 31 
ae 21 26 

opagation del 215 270 
propagation delay 43 =, 


PL to Qy 


propagation delay 
MR to Q, 


Fig. 10 


110 2.0 

15 22 4.5 | Fig. 10 
13 - 19 6.0 
2.0 

4.5 | Fig. 7 
6.0 


output transition time 


up, down clock pulse width 
HIGH or LOW 


wW— 
co 
Oo 


: 120 150 180 2.0 
pes pulse width: | 94 | 30 36 ag 45 | Fig. 10 
| 20 26 31 | 6.0 
: 100 125 150 : 
sri load pulse width 20 25 30 Fig. 9 
17 21 26 
removal time 50 65 : 
PL to CPy, CPp 10 13 Fig. 9 
9 11 
removal time ; 
MR to CPy, CPp Ea be Fig. 10 


set-up time 
D, to PL 


2.0 

4.5 | Fig. 11 

6.0 
2.0 
45 | Fig. 11 
6.0 


2.0 
MHz 4.5 Fig. 7 
6.0 


hold time_ 
Dy to PL 


lee ‘i 
a 

— «a Xj — = 

Worg | 0 o1 01 


NO N © 
a2 3 oO 


maximum up, down clock 
pulse frequency 
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DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘“HCMOS family characteristics’, section ‘‘Family specifications. 


Output capability: standard 
lcc category: MSI 
Note to HCT types 


The value of additional quiescent supply current (Alcc:) for a unit load of 1 is given in the family specifications. 
To determine Alcc¢ per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


0.35 
1.40 


0.65 
1.05 


AC CHARACTERISTICS FOR 74HCT 
GND =O V;t, = te =6 ns; Cy = 50 pF 


Tamb (°C) | TEST CONDITIONS 
Zz 74HCT : 
< SYMBOL | PARAMETER — = — UNIT | Vec | WAVEFORMS 
+25 —40 to +85 | —40 to +125 
: hee ic = 
-_ min.| typ. | max. | min. min. | max. 
2 
Lit tpyi/ propagation delay 
= tPLH CPy, CPp to On 43 65 ns 4.5 
o tpHL/ propagation delay 30 
aw [tein | ceuwtcy | | 
“ tPpHL/ propagation delay 
QO tPLH CPp to TCp 
tpHL/ propagation delay 
propagation delay | 
PHL MR to On 
tTHL/ | output transition time 
‘TLH ba 
up, down clock pulse width 
tw HIGH or LOW ia | 
master reset pulse width 
‘W HIGH ee 
liel load pulse width |. | 
para 
‘w LOW ae 
t removal time 10 | 
rem PL to CPy, CPp 
t removal time 10 
rem MR to CPy, CPp 
set-up time 
‘su Dp, to PL 20 
A hold time_ 
h Dry to PL 
f maximum up, down clock 20 
max pulse frequency 
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AC WAVEFORMS 


Q. OUTPUT 
nee OUTPUT 


7293735 7293736 


Fig. 7 Waveforms showing the clock (CPt, CPp) to Fig. 8 Waveforms showing the clock (CP, CPp) to 
output (Q,) propagation delays, the clock pulse width terminal count output (TCy, TCp) propagation delays. 
and the maximum clock pulse frequency. 


Dj, INPUT 


MR INPUT 


PL INPUT 


Q, OUTPUT 


Q,, OUTPUT 
7293733 wel ee toh 


7293732 
Fig. 9 Waveforms showing the parallel load input (PL) Fig. 10 Waveforms showing the master reset input 


to Q, output propagation delays and removal time to (MR) pulse width, MR to Q, propagation delays, MR 
clock input (CPy, CPp). to CP, CPp removal time and output transition times. 


Note to Fig. 11 


The shaded areas indicate when the input is permitted 
to change for predictable output performance. 


7293730 
Note to AC waveforms 


(1) HC: Viy = 50%; V) = GND to Vcc. 


Fig. 11 Waveforms showing the data input (D,) to 
parallel load input (PL) set-up and hold times. HCT: Vym=1.3V;V,=GNDto3V. 
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PRESETTABLE SYNCHRONOUS 4-BIT BINARY UP/DOWN COUNTER 


FEATURES 


® Synchronous reversible 4-bit binary 
counting 

Asynchronous parallel load 
Asynchronous reset 

Expandable without external logic 
Output capability: standard 

Icc category: MSI 


GENERAL DESCRIPTION 

The 74HC/HCT 193 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT 193 are 4-bit 
synchronous binary up/down counters. 
Separate up/down clocks, CPi and 

CPp respectively, simplify operation. 
The outputs change state synchronously 
with the LOW-to-HIGH transition of 
either clock input. If the CP clock is 
pulsed while CPp is held HIGH, the 
device will count up. If the CPp clock is 
pulsed while CPy is held HIGH, the 
device will count down. Only one clock 
input can be held HIGH at any time, or 
erroneous operation will result. The 
device can be cleared at any time by the 
asynchronous master reset input (MR); 
it may also be loaded in parallel by 
activating the asynchronous parallel load 
input (PL). 


The “193” contains four master-slave JK 


flip-flops with the necessary steering logic 


to provide the asynchronous reset, load, 
and synchronous count up and count 
down functions. 


Each flip-flop contains JK feedback from 


slave to master, such that a LOW-to-HIGH 


transition on the CPp input will decrease 


the count by one, while a similar transition 


on the CPy input will advance the count 
by one. 


(continued on next page) 


Dy [1 Vee 
Q,{2] Dog 
Qg MR 
CPhla4 TCp 
cey[é Tey 
Qo ral 11] PL 
Q3 Do 
cnD | 8 | o D3 


7Z93712 


Fig. 1 Pin configuration. 


i TYPICAL 
SYMBOL PARAMETER CONDITIONS eee a ae 
| HC 
tpHL/ propagation delay | 19 
tpLH CPp, CPy to Q, Cy = 15 pF 
an = Hg ae eet coed Vege 5. V a ieereeeer 
fmax maximum clock frequency 40 
Cy input capacitance 3.5 | 25 
Cpp power dissipation eaese aan 42 


capacitance per package 


GND = 0 V; Tamb = 25 °C; tr =tf=6ns 


Notes 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 


Pp =Cppx Vcc’ x fj +z (CL x 
fj = 
fo — 


input frequency in MHz 
output frequency in MHz 


Vcc’ x fo) where: 


x (Cy x Vcc’ x fg) = sum of outputs 


2. For HC the condition is Vj = GND 
For HCT the condition is Vj = GND 


CL = output load capacitance in pF 
Vcc = supply voltage in V 

to VCC 

to Vcc —-1.5V 


ORDERING INFORMATION/PACKAGE OUTLINES 


; plastic (SO-16,; SOT- 109A). 


NAME AND FUNCTION 


flip-flop outputs 
count down clock input* 
count up clock input” 


asynchronous parallel load input (active LOW) 
terminal count up (carry) output (active LOW) 
terminal count down (borrow) output (active 


asynchronous master reset input {active HIGH) 


PC74HC/HCT193P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT193T: 16-lead mini-pack 
PIN DESCRIPTION 
PIN NO SYMBOL 
3, 2, 6,7 Qo to Q3 
4 CPp 
5 CPy 
8 GND ground (0 V) 
11 PL 
12 TCy 
13 TCp 
LOW) 
14 MR 
15, 1, 10,9 Dg to D3 data inputs 
16 | vec 


| positive supply voltage 


* LOW-to-HIGH, edge triggered 


7293/14 


Fig. 2 Logic symbol. 


Fig. 3 IEC logic symbol. 


January 1986 


PC74HC/HCT193 
MSI 


429 


PC74HC/HCT 193 
MSI 


430 


GENERAL DESCRIPTION (Cont'd) 


One clock should be held HIGH while coun- multistage counter, since they duplicate 
ting with the other, otherwise the circuit the clock waveforms. Multistage counters 
will either count by two’s or not at all, will not be fully synchronous, since there 
depending on the state of the first flip-flop, is a slight delay time difference added for 
which cannot toggle as long as either clock each stage that is added. 

input is LOW. Applications requiring 
reversible operation must make the 
reversing decision while the activating clock 
is HIGH to avoid erroneous counts. 


The counter may be preset by the 
asynchronous parallel load capability of 
the circuit. Information present on the 
parallel data inputs (Dg to D3) is loaded 


The terminal count up (TC) and terminal into the counter and appears on the 
count down (TCp) outputs are normally outputs (Qo to Q3) regardless of the 
HIGH. When the circuit has reached the conditions of the clock inputs when the 
maximum count state of 15,the next H1IGH- parallel load (PL) input is LOW. A HIGH 
to-LOW transition of CPy will cause TCy level on the master reset (MR) input will 
to go LOW. disable the parallel load gates, override 
TCy will stay LOW until CPyy goes HIGH both clock inputs and set all outputs 
again, duplicating the count up clock. (Qg to Q3) LOW. If one of the clock 
inputs is LOW during and after a reset or 
Likewise, the TCp output will go LOW load operation, the next LOW-to-HIGH 
when the circuit is in the zero state and transition of that clock will be interpreted 
the CPp goes LOW. The terminal count as a legitimate signal and will be counted. 


outputs can be used as the clock input 
signals to the next higher order circuit in a 


FUNCTION TABLE 


Ss 


2) 
a) 
mi 
Pe] 
> 
be 
ee 
?) 
= 
ce) 
w) 
m 
i 
= | 
D | 
a 
pes 
?) 
ba ©] 
c 
2) 
a) 
3 
o 
ond 
o 
N 
1] 
oe) 
(2) 
So 
O 
oh 


al 
.?) 


nies tcica | H |X |X |L [xX |X |X |X Lik H 
4 H |x {x |H |x |x |x |x LiL H 
t L |X L L [ is L L L H 
L L |X H L L L L. L L H 
paraile! load L ore X 4 H 4 4 4 4 L 
L L | H X H H H H H H H 
kL: H | ft H Xx xX Xx x count up 
count down L H iH t X Xx X X count down 
H = HIGH voitage level 
_L = LOW voltage level i 
X = don’t care * TCy = CPy at terminal count up (HHHH) 
t = LOW-to-HIGH clock transition ** TCp = CPp at terminal count down (LLLL) 


7293999 


Fig. 4 Functional diagram. 
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(1) Clear overrides load, data and 
count inputs. 


(2) When counting up the count down 
clock input (CPp) must be HIGH, 
when counting down the count up 
clock input (CP\y) must be HIGH. 


Sequence 
Clear (reset outputs to zero); 
load (preset) to binary thirteen; 


count up to fourteen, fifteen, 
terminal count up, zero, one 
and two; 


en ane count down to one, zero, 
terminal count down, fifteen, 
| fourteen and thirteen. 


0 13 14 15 0 1 2 1 0 15 14 13 
> <—_— > _ <————. COUNT UP 


CLEAR PRESET 


sag = COUNT DOWN ————|. 7493722 


Fig. 5 Typical clear, load and count sequence. 


DEVELOPMENT DATA 
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Fig. 6 Logic diagram. 
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DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter “‘HCMOS family characteristics’, section ‘‘Family specifications. 


Output capability: standard 
icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0V;t, = t¢ = 6 ns; CL = 50 pF 


Tamb (°C) i TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS 
+25 —40 to +85 | —40 to +125 Vv 
min. | typ. | max. | min. | max. in. 
tpHL/ propagation delay the ae rae pig 
tPLH CPy, CPp to Op 37 4G 60 : 
; 125 155 ‘oe 2.0 
TPH, | Probagauon:-delay 25 31 ns =| 45 | Fig 8 
tPpLH CPy to TCy zi 24 6 6.0 
| 125 155 “136 
‘PHL Pie Bagau ol delay. 25 31 ns 4.5 | Fig.8 
tPLH CPp to TCp 91 26 6.0 
tpHL/ propagation delay ae) ae i Fig. 9 
tPLH PL to Q, a: 
propagation delay j 
tPHL MR to Q,, Fig. 10 
tTHL/ output transition time Fig. 10 
'TLH 
up, down clock pulse width . 
tw HIGH or LOW Elgad 
master reset pulse width : 
HIGH Fig. 10 
parallel load pulse width , 
LOW Fig. 9 
removal time . 
PL to CPy, CPp Fig. 9 
Fee ee ee 
removal time : 
‘rem MR to CPy, CPp Fig. 10 
set-up time : 
tsy Dp, to PL Fig. 11 
hold time_ ; 
Dy to PL Fig. 11 
F maximum up, down clock foo. 
max Fig. 7 


pulse frequency 


he a OT RSS MITER YT ELS 8 EDEN MOS ODEN TIN 


Presettable synchronous 4-bit binary up/down counter PC74HC/HCT193 
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DC CHARACTERISTICS FOR 74HCT 


Forthe DO characteristics See Chapter “CMOS family characteristics’, section “Family specifications. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (A lcc) for a unit load of 1 is given in the family specifications. 
To determine Alo per input, ruittioty this value by the unit load coefficient shawn in the table below. 

| UNIT LoaD 

COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT 
GND =OV;t,=ts=6ns;C, = 50 pF 


i 


74HCT 

< | SYMBOL | PARAMETER - 
- —40 to +85 | —40 to +125 
Q Sete 
= min. | typ. |} max. | min. | max. | min. | max. 
z ne eee er ee a ee re in (eves mamma ans a oor 
Lu tpH/ propagation delay 54 65 se 
= [tea | CPucPptoQ, | i 
oO tpHi/ propagation delay 38 
rT tPLH CPy to TCy . “al 
“f tpH/ propagation delay 
CY | tpLH CPp to TCH 

‘tpHi/ (| propagationdelay sé: 

| teLH PL to Oy 


TPHL MR to Q, 
fone pentane titdinatemtains ine Latte pines — AOA nn cenhems ene = + Shree arena rics siearoenii _ 
tTHL/ output transition time 
' up, down clock pulse width | 5 
Bs HIGH or LOW | 
t master reset pulse width | 4 
W HIGH 
parallel load pulse width 
My LOW ay 


removal time 


‘rem PL to CPy, CPp a 
‘ removal time 10 
rem MR to CPy, CPp 
eee “set-up time _ a 
aH Dp to PL 
: = hold time 
h Dry to PL 
aan Samat line abcicinaescnne acne al pete at sae A 


maximum up, down clock 
pulse frequency 
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AC WAVEFORMS 


Q, OUTPUT 


7293735 


Fig. 7 Waveforms showing the clock (CP, CPp) to 
output (Q,,) propagation delays, the clock pulse width 
and the maximum clock pulse frequency. 


D, INPUT 


PL INPUT 


Q, OUTPUT 
7293732 


Fig. 9 Waveforms showing the parallel load input (PL) 
to Q,, output propagation delays and removal time to 
clock input (CP, CPp). 


D, INPUT 


PL INPUT 


Fig. 11 Waveforms showing the data input (D,) to 
parallel load input (PL) set-up and hold times. 


7Z93730 
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TCy, TCp 
OUTPUT 


7293736 


Fig. 8 Waveforms showing the clock (CP, CPp) to 
terminal count output (TCU, TCp) propagation delays. 


MR INPUT 


Q,, OUTPUT 


7293733 


Fig. 10 Waveforms showing the master reset input 
(MR) pulse width, MR to Q, propagation delays, MR 
to CP, CPp removal time and output transition times. 


Note to Fig. 11 


The shaded areas indicate when the input is permitted 
to change for predictable output performance. 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; Vy = GND to 3V. 
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4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 


FEATURES i ea Oe, eS Ty PICAL i? omeeiciae 
@ Shift-left and shift-right capability SYMBOL PARAMETER CONDITIONS = preps UNIT 
@ Synchronous parallel and serial data HC HCT 
transfer i Se — 
@ Easily expanded for both serial and pe ony 14 15 ns 
parallel operation a s ‘ Cy = 15 pF 
@ Asynchronous master reset MR to Qy Vec=5V 11 15 ns 
@ Hold (“do nothing’) mode ; a er 
© Output capability: standard brie eas clock frequency _ Je | a 7 MHz 
© Icc category: MSI C| input capacitance 3.5 | 3.5 | pF 
GENERAL DESCRIPTION See | SS ee esteem ap Sart : 
. power dissipation 
The 74HC/HCT 194 are high-speed Cpp capaci tunes per oagkaae notes 1 and 2 40 40 pF 
Si-gate CMOS devices and are pin _ ee an ae ees eat 
compatible with low power Schottky GND = 0 V: Tamb = 25 °C; t, = tf =6ns 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. Notes 
The functional characteristics of the 1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
74HC/HCT 194 4-bit bidirectional Pp = Cpp x Vcc? x fi + © (CL x Vc? x fg) where: 
universal shift registers are indicated in ee ere a MHz C a insdeunent in DF 
the logic diagram and function table. oe pau elat tts eheolack Se L _ outpot oe capacriance ip 
fo = output frequency in MHz VCC = supply voltage in V 


The registers are fully synchronous. E (CL x Voc? x fg) = sum of outputs 
. For HC the condition is Vj = GND to Vcc 


which increase the range of application. seat tan - 
The synchronous operation of the For HCT the condition is Vj = GND to Vcc — 1.5 V 


device is determined by the mode select 


The “194” design has special features 2 


inputs (So, S14). As shown in the mode ORDERING INFORMATION/PACKAGE OUTLINES 

select table, data can be entered and 

shifted from left to right PC74HC/HCT194P: 16-lead DIL; plastic (SOT-382Z). 

(Qg + Q1 + Q, etc.) or, PC74HC/HCT194T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 
right to left 

(Q3 > Qg > Q}, etc.) or 

parallel data can be entered, loading all PIN DESCRIPTION 


4 bits of the register simultaneously. 
When both Sg and Sj are LOW, existing 
data is retained in a hold (“‘do nothing’’) 


SYMBOL 


a ne ne te a A pm 


NAME AND FUNCTION 


mode. The first and last stages provide MR asynchronous master reset input (active LOW) 
D-type serial data inputs (DgR, Dg, ) to Dsp serial data input (shift right) 
allow multistage shift right or shift left Do to D3 parallel data inputs 
data transfers without interfering with De fal :data input (ehiftield) 
parallel load operation. 18 ae ene See 
GND ground (0 V) 
Mode select and data inputs are edge- Sy Ss Aceon inoue 
triggered, responding only to the LOW- 4 : coe ; 
to-HIGH transition of the clock (CP). CP clock input (LOW-to-HIGH edge-triggered) 


15, 14, 13, 12 


Qg to Q3 parallel outputs 
V positive supply voltage 
ieee nen cis ! Seiad ab ta ee 


Therefore, the only timing restriction is 
that the mode control and selected data 
(continued on next page) 


16 


MR 16] Voc 
DsR 15 | Qo 
Do 14] Oy 
21 [4 | [ig] 0, 


MR 
17 q1 7293138 


7293137 7293138 
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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7293140 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


OUTPUTS 


H 
h 


- 


shift right 


parallel load 


4S Q 
CHCP 
ae 
Rp 
= 
cP —>o- ceri ae career area ss 
MR —o >o—-——— 


Qg Q, 


GENERAL DESCRIPTION (Cont’d.) 


inputs must be stable one set-up time 
prior to the positive transition of the 
clock pulse. 


The four parallel data inputs (Dg to D3) 
are D-type inputs. Data appearing on the 
Dg to D3 inputs, when Sg and Sj are 
HIGH, is transferred to the Qg to Q3 
outputs respectively, following the next 
LOW-to-HIGH transition of the clock. 
When LOW, the asynchronous master 
reset (MR) overrides all other input 
conditions and forces the O outputs 
LOW. 


The “194” is similar in operation to the 
“195” universal shift register, with 
added features of shift-left without 
external connections and hold (“do 
nothing’’) modes of operation. 


= HIGH voltage level 

= HIGH voltage level one set-up 
time prior to the LOW-to-HIGH 
CP transition 

= LOW voltage level 

= LOW voltage level one set-up 
time prior to the LOW-to-H!IGH 
CP transition 


q,d= lower case letters indicate the 


state of the referenced input (or 
output) one set-up time prior to 
the LOW-to-HIGH CP transition 
= don’t care 
= LOW-to-HIGH CP transition 


7293144 


January 1986 


4-bit bidirectional universal shift register PC74HC/HCT 194 
MSI 


MODE 
CONTROL 
clear 
SERIAL Dsp 
DATA 
INPUTS De, 5 BE = 
Do a i eee 
PARALLEL 
Dy 
He _—t-— 
INPUTS Be | 
Qo ~~ i 
2a | 
Q, 
OUTPUTS ia | | 
Qy ~~ 
| | 
Q3 77 
re ~<e— ince shift right ————» «— shift left ——»!|<«—— inhibit ————»| clear 
7293141 clear load 


Fig.6 Typical clear, clear-load, shift-right, 


shift-left, inhibit and clear timing sequences. 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’’. 


Output capability: standard 
Icc category: MSI 
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AC CHARACTERISTICS FOR 74HC 
GND = OV; ty, = tp =6 ns; Cy = 50 pF 


SYMBOL | PARAMETER 
tpHt/ propagation delay 
tPLH CP to OQ, 
propagation delay 
"PHL MR to Q, 
tTHL/ output transition time 
tTLH 
t clock pulse width 
W HIGH or LOW 
t master reset pulse 
W width; LOW 
t removal time 
rem MR to CP 
t set-up time 
su Dp to CP 
: set-up time 
” Sg, $4 to CP 
t set-up time 
su Dsp, Ds, to CP 
‘ hold time 
h Dy to CP 
t hold time 
| “h So, S1 to CP 
+ 
t hold time 
h Dsp, Dg_ to CP 
f - maximum clock -pulse 
max frequency 
fel Seta 
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Tamb (°C) 


74HC 


UNIT 


TEST CONDITIONS 


Vcc | WAVEFORMS 


January 1986 


WW ~>O9OO |o00 ;/000 
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wo 
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Ww 
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20 MHz 
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Fig. 9 


PC74HC/HCT 194 
MSI 


4-bit bidirectional universal shift register 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Ice category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 
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AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; ty = t¢ = 6 ns; CL = 50 pF 


TEST CONDITIONS 


Vcc | WAVEFORMS 
Vv 
5 


a 


Tamb (°C) 
74HCT 


PARAMETER UNIT 


SYMBOL 


propagation delay 


tPLH CP to QO, 


propagation delay 


"PHL MR to Q, 
tTHL/ output transition time 
'TLH 

clock pulse width 


t 


HIGH or LOW 


W 
err a0 
os 1 r 
rece 14 18 

su 

su 

th 


a 
set-up time 

t set-up time 
Dspr, Ds, to CP 

‘ hold time 

h Dy, to CP 
hold time 5 
So, $7 to CP 

t hold time a9 

h Dsp, Dg, to CP 
maximum clock pulse 

fmax ere ee 
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4-bit bidirectional universal shift register 


AC WAVEFORMS 


CP INPUT 


Q,, OUTPUT 


7Z87479.1 


Fig. 7 Waveforms showing the clock (CP) to 
output (Q,,) propagation delays, the clock 
pulse width, the output transition times and 
the maximum clock frequency. 


CP INPUT 


D, INPUT 


Q,, OUTPUT 


CP INPUT 


Note to AC waveforms 
(1) HC : Vp = 50%; V; = GND to Vee. 
HCT: Vy =1.3V; Vj = GND to 3V. 


7293142 


PC74HC/HCT194 
MS! 


MR INPUT 


CP INPUT 


Q,, OUTPUT 


7Z87478 


Fig. 8 Waveforms showing the master reset 
(MR) pulse width, the master reset to output 
(Q,) propagation’ delays and the master reset 
to clock (CP) removal time. 


Fig. 9 Waveforms showing the set-up and 
hold times from the data inputs (D,,) to the 
clock (CP). 


Fig. 10 Waveforms showing the set-up and 
hold times from the mode control inputs (S,) 
to the clock input (CP). 


Note to Figs 9 and 10 


The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 
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4-BIT PARALLEL ACCESS SHIFT REGISTER 


FEATURES 


@® Asynchronous master reset 

e@ J, K, (D) inputs to the first stage 

@ Fully synchronous serial or parallel 
data transfer 

@ Shift right and parallel load 
capability 

® Complement output from the last 
stage 

@ Output capability: standard 

© Icc category: MSI 


GENERAL DESCRIPTION 

The 74HC/HCT 195 are high-speed 

Si-gate CMOS devices and are pin 
compatible with low power Schottky TTL 
(LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT195 performs serial, 
parallel, serial-to-parallel or parallel-to- 
serial data transfer at very high speeds. 
The 195” operates on two primary 
modes: shift right (Q9 > Q1) and parallel 
load, which are controlled by the state of 
the parallel load enable (PE) input. Serial 
data enters the first flip-flop (QQ) via the 
J and K inputs when the PE input is 
HIGH and shifted one bit in the direction 
Q9 > Q1 > Q2 > QZ following each 
LOW-to-HIGH clock transition. The J 
and K inputs provide the flexibility of the 
JK type input for special applications and 
by tying the pins together, the simple 
D-type input for general applications. 
The 195" appears as four common 
clocked D flip-flops when the PE input is 
LOW. 


After the LOW-to-HIGH clock transition, 
data on the parallel inputs (Dg to D3) is 
transferred to the respective QQ to Q3 
outputs. Shift left operation (Q3 > Q2) 
can be achieved by tying the Qp outputs 
to the Dn.1 inputs and holding the PE 
input LOW. 


(continued on next page) 


7287444 


Fig. 1 Pin configuration. 


TYPICAL 


SYMBOL PARAMETER CONDITIONS 
tPHL/ propagation delay _ 

Cy. = 15 pF 
tPpLH CP to Qn Vec=5V 


maximum clock frequency 


input capacitance 


power dissipation 
Capacitance per package [notes 1 and 2 


GND = 0 V; Tamb = 25 OC; t, = tp = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x VEC? x fo) where: 


output load capacitance in pF 
supply voltage in V 


fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
(Cy x Voc? x fg) = sum of outputs 

2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj} = GND to Vcc — 1,5 V 


of 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT195P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT195T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


master reset input (active LOW) 
first stage J-input (active HIGH) 
first stage K-input (active LOW) 
parallel data inputs 


ground (0 V) 
parallel enable input (active LOW) 
clock input (LOW-to-HIGH edge-triggered) 
inverted output from the last stage 
15, 14,13, 12 parallel outputs 
16 positive supply voltage 


7290784 


7290785 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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_GENERAL DESCRIPTION (Cont’d.) 


All parallel and serial data transfers are 
synchronous, occurring after each LOW- 
to-H!GH clock transition. 

There is no restriction on the activity of 
the J, K, Dn and PE inputs for logic 
operation other than the set-up and hold 
time requirements. A LOW on the 
asynchronous master reset (MR) input sets 
all Q outputs LOW, independent of any 
other input condition. 


APPLICATIONS 


© Serial data transfer 

@ Parallel data transfer 

@ Serial-to-parallel data transfer 
@ Parallel-to-serial data transfer 


4 5 6 7 
ae Sao 
lay ENABLE CIRCUITRY 


7287443 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


HIGH voltage level 

HIGH voltage level one set-up 
INPUTS time prior to the LOW-to-HIGH 
OPERATING MODES clock transition 
LOW voltage level 
LOW voltage level one set-up 
time prior to the LOW-to-HIGH 
clock transition 
q,d = lower case letters indicate the 


ee 
to 


hod 


asynchronous reset ne 


shift, set first stage 


shift, reset first stage state of the referenced input 

shift, toggle first stage (or output) one set-up time prior 

shift, retain first stage eer ee clock 
don’t care 


parallel load 


>x< 


LOW-to-HIGH clock transition 


| 
| >o+| >o a ne 
- ee Es ek A al 
WW, VV | 


Y 


728744 
cr Qo Qy Q2 


Fig. 5 Logic diagram. 
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4-bit parallel access shift register 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘‘Family specifications’’. 


Output capability: standard 
lcc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =OV;t, = tf =6ns; C, = 50 pF 


= SSS ee ee 
Tamb (°C) TEST CONDITIONS 
pn 
74HC 
SYMBOL} PARAMETER ms ——, UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 i to +125 V 
min. | max 
ml +— ie a 
225 2.0 
propagation delay CP to Q, 45 ns 4.5 Fig. 6 
‘PLH 38 6.0 
Ti eat | 
‘ / oe 225 2.0 | 
He propagation delay MR to Q, 15 | 30 38 45 ns 4.5 Fig. 7 
PLH 12 | 26 33 38 6.0 
| pena eae ee Coen a am Jes + 
: / 19 175 95 110 2.0 
THL output transition time 7 15 19 22 ns 4.5 Fig. 6 
'TLH | 6 113 16 19 6.0 
ie a agar } = =| ahs L ee oe 
80 | 17 100 120 2.0 
tw clock pulse width H!IGH or LOW | 16 | 6 20 24 ns 4.5 Fig. 6 
14 15 17 20 6.0 
80 | 17 100 120 2.0 
tw master reset pulse width; LOW |16 |6 20 24 ns 4.5 Fig. 7 
14 |5 17 20 6.0 
Baad OC oe | ds ee eal 
— 80 | 17 100 120 2.0 
trem removal time MR to CP 16 |6 20 Fig. 7 
i 14 15 = 17 | 
4 erie — 
100) 33 125 
tsy set-up time J to CP 20 | 12 25 Figs. 8 and 9 
17 |10 21 
= fs 
] a Tg0 | 22 100 
tsy set-up time K, PE, Dy, to CP 16 |8 20 Figs. 8 and 9 
14 16 i 
a 3 |-8 3 
th hold time J, K, PE, Dry to CP 3. |-3 3 Figs. 8 and 9 
3. |-2 3 
6 |17 5 
tmax maximum clock pulse frequency | 30 |52 24 Fig. 6 
35 |62 28 
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DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’’. 


Output capability: standard 
Ice category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 


ane unit load 
P coefficient 
PE 


0.65 
all others 0.35 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t, = tp = 6 ns; CL = 50 pF 


TEST CONDITIONS 


Vec WAVEFORMS 


| 74HCT 
SYMBOL | PARAMETER 

25 [a0 085 | a0 0 +125 
tPHL/ 
tPLH 


tPHL/ 


tPLH 


in 


propagation delay CP to Qy 


- 
< 
= |Z 
Le ‘Ss 
o1 N 


20 |6 


i) 
on 


Wi nN] &w 
ie le 


ee 
| ~“N 
eT tT oF 


weed 

oO; 
NM | WN! N | NIN 
NO o;oa;o!o 


NSN 
= 
on 


_ 
BSS 


: Py ae 
m| ao 


NO | ND 
> 


Oo 
NO oO + 
NO (es) [ee] 
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4-bit parallel access shift register 


AC WAVEFORMS 


MR INPUT 


CP !NPUT 


CP INPUT 


Q,, OUTPUT 


7Z87479.1 wel le tTHL 


Q,, OUTPUT 
7287478 


Fig. 7 Waveforms showing the master reset 
(MR) pulse width, the master reset to output 
(Qn) propagation delays and the master reset to 
clock (CP) removal time 


Fig. 6 Waveforms showing the clock (CP) to 
output (Q7) propagation delays, the clock 
pulse width, the output transition times and 
the maximum clock frequency. 


CP INPUT 


Dn. J, K, 1 
INPUTS / //. 

Fig. 8 Waveforms showing the data set-up and 
Q,, OUTPUT fe hold times for J, K and Dp inputs. 


7287480 


serial - shift right parallel load 


Fig. 9 Waveforms showing the set-up and hold 
times from the parallel enable input (PE) to the 


clock (CP). 


Note to Figs. 8 and 9 


The shaded areas indicate when the input is 
permitted to change for predictable output 


performance. 
Q,, OUTPUT response Q,=D0, 


7287481.1 


CP INPUT 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


DUAL NON-RETRIGGERABLE MONOSTABLE MULTIVIBRATOR WITH RESET 


FEATURES 


@ Pulse width variance is typically less 
than + 5% 

@ Pin-out identical to “123” 

@ Overriding reset terminates output 
pulse 

@ nB inputs have hysteresis for 
improved noise immunity 

@ Wide pulse range: 
70 ns (typ) to c 

@ Output capability: standard 


® Icc category: MSI 


GENERAL DESCRIPTION 

The 74HC/HCT221 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT221 are dual non- 
retriggerable monostable multivibrators. 
Each multivibrator features an active 
LOW-going edge input (nA) and an active 
H!IGH-going edge input (nB}, either of 
which can be used as an enable input. 


Pulse triggering occurs at a particular 
voltage level and is not directly related 

to the transition time of the input pulse. 
Schmitt-trigger input circuitry for the 

nB inputs allow jitter-free triggering from 
inputs with slow transition rates, providing 
the circuit with excellent noise immunity. 


Once triggered, the outputs (nQ, nQ) are 
independent of further transitions of nA 
and nB inputs and are a function of the 
timing components. The output pulses can 
be terminated by the overriding active 
LOW reset inputs (nRp). Input pulses may 
be of any duration relative to the output 
pulse. The output pulse length may be 
varied from 35 ns to the maximum shown 
in the features by choosing appropriate 
timing components. With ReyxT = 2 kQ 
and CexT = 28 pF, an output pulse of 
typical 70 ns is achieved which may be 
used as a DC triggered reset signal. 


(continued on next page) 


Fig. 1 Pin configuration. 


April 1985 


TYPICAL 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT221P: 16-lead DIL; plastic (SOT-38Z). 


PC74HC/HCT221T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


SYMBOL PARAMETER CONDITIONS. 


propagation delay 
nA, nB, nRp 
to nQ, nd 


input capacitance 


GND = OV; Tamb = 259C ; tp = tf=6ns 


PIN DESCRIPTION 


PINNO. | SYMBOL NAME AND FUNCTION 


1A, 2A 
1B, 2B 
1Rp, 2Rp 
10, 20, 


trigger inputs (negative-edge triggered) 
trigger inputs (positive-edge triggered) 
direct reset inputs (active LOW) 
outputs (active LOW) 

external resistor/capacitor connection 
ground (0 V) 

outputs (active HIGH) 

external capacitor connection 
external resistor/capacitor connection 


2ReExtT/Cext 
GND 


10, 20 
1CexT, 2CEXT 
TREXT/CEXT 
Vcc 


positive supply voltage 


Note 
It is recommended to ground pins 6 (2CEx 7) and 14 (1CExT) externally to pin 8 (GND). 


DEVELOPMENT DATA 


GENERAL DESCRIPTION (Cont'd) 


Pulse width stability is achieved through 
internal compensation and is virtually 
independent of Vcc and temperature. 
In most applications pulse stability will 
only be limited by the accuracy of the 
external timing components. 


Jitter-free operation is maintained over 
the full temperature and Vcc ranges for 
more than six decades of timing 
capacitance (10 pF to 10 uF) and more 
than two decade of timing resistance 

(2 kQ to any practical value) for the 
74HC/HCT221. 

Throughout these ranges the output pulse 
width is defined by the following 
relationship: 


tw = CexTReExT!n2 

tw = 0.7CEXTREXT 
In circuits where pulse cut-off is not 
critical, timing capacitance up to 1000 uF 
and timing resistance as low as 1.4 kQ2 
may be used. 
Pin assignments for the ‘’221” are identical 
to those of the 123” so that the 221” 
can be substituted for those products in 
systems not using the retrigger by merely 
changing the value of Rey 7 and/or 
CEXT- 


FUNCTION TABLE 


INPUTS OUTPUTS 


HIGH voltage level 

LOW voltage level 

don’t care 

LOW-to-HIGH transition 
H1IGH-to-LOW transition 
one HIGH-level output pulse 
one LOW-level output pulse 


Hot it ot hon ot 


PC74HC/HCT221 
MSI 
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DEVELOPMENT DATA 


PC74HC/HCT237 This data sheet contains advance information and 


specifications are subject to change without notice. 


MSI 


3-TO-8 DECODER/DEMULTIPLEXER WITH ADDRESS LATCHES 


FEATURES | TYPICAL 
® Combines 1-of-8 decoder with 3-bit SYMBOL PARAMETER CONDITIONS UNIT 

rh rai 
‘ ee 

Multiple input enable for easy ‘BL! wiepagaion delay CL = 15 pF 

expansion or independent controls A, as 17 

: ae to Yn Vec =5V 
® Active HIGH mutually exclusive 
Fiutconcione | «dias | as for 


outputs input capacitance 
@ Output capability: standard 
GENERAL DESCRIPTION ORDERING INFORMATION/PACKAGE OUTLINES 


The 74HC/HCT237 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT237 are 3-of-8 
decoder/demultiplexers with latches at PIN DESCRIPTION 


the three address inputs (A,). The “237” 
essentially combines the 3-of-8 decoder /PINNO. | SYMBOL | |NAME AND FUNCTION = AND FUNCTION 


function with a 3-bit storage latch. 


PC74HC/HCT237P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT237T: 16-lead mini-pack; plastic (SO-16; SOT 109A). 


When the latch is enabled (LE = LOW), eee Gate NbUts | 

the “237” acts as a 3-of-8 active LOW latch enable input (active LOW) 
decoder. When the latch enable (LE) data enable input (active LOW) 
goes from LOW-to-HIGH, the last data ane ble i (active HIGH) 
present at the inputs, before this transition, ata enable Input (active 

is stored in the latches. Further address ground (0 V) 

changes are ignored as long as LE remains 15, 14. 13, 12 


HIGH. 11, 10. 9, 5 : multiplexer outputs 


The output enable input (Ej and E>) 16 ; positive supply voltage 
controls the state of the outputs 

independent of the address inputs or 
latch operation. All outputs are LOW 
unless Ey is LOW and E9 is HIGH. FUNCTION TABLE 


The “237” is ideally suited for 

implementing non-overlapping decoders INPUTS OUTPUTS 

in 3-state systems and strobed (stored 

address) applications in bus oriented Yo} Y1; Y2} Y3| Ya} ¥5] Ye} Y¥7 


systems. 


stable 


xx x 
xx x 


Loox Irtrct I~ X< a 
Be oe ae oe 
trier rr rer: (eo | OX 
Pree. Perea re 
Sree Fear ere 
Pre freee - ae 
Crere 2 er 
Pere: ree ee 
rPrar rrre re 
CIS rere er 
Leer Creer er 


Irte-r- Terie 
a 


H = HIGH voltage level 
L = LOW voltage level 
X = don’t care 


Fig. 1 Pin configuration. 
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3-TO-8 LINE DECODER/DEMULTIPLEXER 


FEATURES 


® Demultiplexing capability 
@ Multiple input enable for easy 


TYPICAL 


SYMBOL PARAMETER CONDITIONS 


expansion 
® Ideal for memory chip select propagation delay 
: An to Yn 
decoding 2 
E3 to Yn 
® Active HIGH mutually exclusive E, to Yn 
outputs 


input Capacitance 


@ Output capability: standard 
® Icc category: MSI 


power dissipation 


capacitance per package i: notes 1 and 2 


GENERAL DESCRIPTION 


The 74HC/HCT238 are high-speed GND = 0 V; Tamb = 25 °C; ty = te = 6 ns 
Si-gate CMOS devices and are pin 

compatible with low power Schottky 

TTL (LSTTL). They are specified in 


compliance with JEDEC standard no. 7. Notes 

The 74HC/HCT 238 decoders acGepe 1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 

three binary weighted address inputs _ , : 

(Ag, Ay, Ag) and when enabled, provide PD = CPD x VCC’ x fi + (CL x VCC? x fo) where: 

8 mutually exclusive active HIGH outputs fj = input frequency in MHz CL output load capacitance in pF 


(Yo to Y7). fo = output frequency in MHz Vcc supply voltage in V 
The “238” features three enable inputs: x (Cy x Vcc’ x fg) = sum of outputs 
Sea yes a el Sade aat 2. For HC the condition is Vj = GND to Vcc 
ctve EQ). Eve Ge For HCT th ition is Vj = GND —1.5V 
LOW unless Ej and Eg are LOW and - eCona one Vi ssa Nt eee? 
E3 is HIGH. 


This multiple enable function allows easy ORDERING INFORMATION/PACKAGE OUTLINES 


paral xparsion er Me. 2a) ce PC74HC/HCT236P: 16-lead DIL; plastic (SOT-382). 


1-of-32 (5 lines to 32 lines) decoder with Re é 
just four “238” ICs and one inverter. PC74HC/HCT238T: 16-lead mini-pack; plastic (SO-16, SOT109A). 


The ‘‘238” can be used as an eight output 
demultiplexer by using one of the active 

LOW enable inputs as the data input and PIN DESCRIPTION 
the remaining enable inputs as strobes. 


Unused enable inputs must be SYMBOL NAME AND FUNCTION 
permanently tied to their appropriate 
active HIGH or LOW state. address inputs 

E1, E. enable inputs (active LOW) 
The 238” is identical to the 138” enable input (active HIGH) 
but has inverting outputs. ground (0 V) 


15, 14, 13, 12 
11, 10, 9, 7 
16 positive supply voltage 


outputs (active HIGH) 


nu OD oO FP WN ~~ O 


7293235 
7Z93236.1 


7293234 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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ENABLE 
EXITING 


7293237 
Fig. 4 Functional diagram. 


FUNCTION TABLE 


INPUTS OUTPUTS 
[| oe vo] vv ve ve 
BE ee ah a Ke Re AaB Pe i he HB ei oh 
X}|HI|X}]X > xX XE FeE IL ILE TL Ibe eye 
XIXIiLIiX] XI _ XIE FETE [Tb |b |b Tbe ye 
Be es Se, Re ee | Dee E> BS PL iE 
Be te. A rR TT i A, Ps Poe iB lB ei. CE: 
Bre be Ee is ee be ted, ae 
Bek eRe Te Ae Be ee ss Po i ee ie 
bees ee, Be ide i, eSB eR Ee. is eta 
Bee CB Pa re OR pt BS a ee he ae, SE (a - ( 
LijiLIHIiL |HIHIL TLIC EL ‘i a See ae H : HIGH pris level 
LiILIHIHIHIHIL JEL Je |e te Je UH L= LOW voltage level 
X = don’t care 


7293238 


Fig. 5 Logic diagram. 
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3-to-8 line decoder/demultiplexer PC74HC/HCT238 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV; ty, = t¢= 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
SYMBOL 


74HC 
PARAMETER UNIT | Vcc | WAVEFORMS 
“2010 185 | —a0%0 125 : 


: 50 | 150 225 2.0 
tpHL/ propagation delay 18 | 30 A5 sie 45 
tPLH An to Yn 14 | 26 38 6.0 

ie 

: 265 2.0 
tpHL/ propagation delay 2 53 45 | Fig.6 
‘PLH BS ro'G 45 6.0 

. 265 2.0 
tpHL/ propagation delay 53 a A5 Fig. 7 
‘PLH place 45 6.0 
t / 110 2.0 
THL output transition time 22 ns 4.5 Figs 6 and 7 
"TLH 19 6.0 
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PC74HC/HCT238 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


AC CHARACTERISTICS FOR 74HCT 


GND =O V;t, = tg = 6 ns; CL = 50 pF 


SYMBOL | PARAMETER 


propagation delay 
‘PHL An to Yn 


propagation delay 


propagation delay 
PHL E3 to Yn 

propagation delay 
PLH E32 to Yn 


propagation delay 


propagation delay 
tTHL/ output transition time 
'TLH 
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Tamb (°C) TEST CONDITIONS 
74HCT 
UNIT | Vcc; WAVEFORMS 
—40 to +85 | —40to +125 Vv 
[mm i || | 
20 | 35 53 63 ns 4.5 Fig. 6 
20 | 35 48 57 ns 4.5 Fig. 6 
25 | 40 60 72 ns 4.5 Fig. 6 
18 | 34 51 ns 4.5 Fig. 6 
-_ 25 | 40 65 78 ns Fig. 7 
7 15 19 z 22 ns Figs 6 and 7 


3-to-8 line decoder/demultiplexer 


AC WAVEFORMS 


An, Eg INPUT 


Y¥, OUTPUT 


7293239 


Fig. 6 Waveforms showing the address input (A,) 
and enable input (E3) to output (Y,,) propagation 
delays and the output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vy = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 


PC74HC/HCT238 
MS! 


E1,E> INPUT 


Y, OUTPUT 


7293240 


Fig. 7 Waveforms showing the enable input (E,) 
to output (Y,) propagation delays and the output 
transition times. 
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PC74HC/HCT240 


MSI 


OCTAL BUFFER/LINE DRIVER; 3-STATE; INVERTING 


FEATURES 


@ Output capability: bus driver 
® I¢c category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT240 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT240 are octal inverting 
buffer/line drivers with 3-state outputs. 
The 3-state outputs are controlled by the 
output enable inputs 10E and 20E. 

A HIGH on nOE causes the outputs to 
assume a high impedance OF F-state. 

The “240” is identical to the ‘244’ but 
has inverting outputs. 


FUNCTION TABLE 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OFF-state 


7290960 
Fig. 1 Pin configuration. 
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TYPICAL 


SYMBOL PARAMETER 


W 


or 
xe} 
mes 


propagation delay 
tPHL/ 1A, to 1Yp; * 
tPLH 

power dissipation 


2A, to 2Yp 
GND = 0 V; Tamb a 25 "Ci tp =tp=6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x Vcc? x fo) where: 
fj = input frequency in MHz CL 
fo = output frequency in MHz 
x (Cy x Vcc? x fg) = sum of outputs 


2. For HC thecondition is V} = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


= output load capacitance in pF 
VCC = supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT240P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT240T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION 


PINNO, SYMBOL NAME AND FUNCTION 


1 10E output enable input (active LOW) 
2,4, 6,8 1Ag to 1A3 data inputs 

3,5, 7,9 2Yg to 2Y3 bus outputs 

10 GND ground (0 V) 

17, 15, 13, 11 2Ag to 2A3 data inputs 

18, 16, 14,12 | 1Yg to 1Y3 bus outputs 

19 20E output enable input (active LOW) 
20 Vcc positive supply voltage 


2¥3 9 


19 20E 7290961 


7Z90962 


Fig. 3 IEC logic symbol. 


Fig. 2. Logic symbol. 


Octal buffer/line driver; 3-state; inverting PC74HC/HCT240 
MSI 


7290963 


Fig. 4 Functional diagram. 
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PC74HC/HCT240 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’’. 


Output capability: bus driver 
I@c category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND=0V;t, =ts=6ns;C, = 50 pF 


SYMBOL | PARAMETER ea. eae Vee WAVEFORMS 
+25 0 +85 } 8010 +125 | to +125 
eae 
propagation delay 

PHL/ 1A, to 1Yp; 45 

PLH 2A, to 2Yy, 6.0 
t / 3-state output enable time 39 | 150 190 225 2.0 
PZH 10E to 1Yp; 14 | 30 38 45 4.5 | Fig. 6 

P2L 20E to 2Y,, 11 | 26 33 38 6.0 


TEST CONDITIONS 


t / 3-state output disable time 2.0 
ae 10E to 1Y,; 4.5 | Fig.6 
PLZ 20E to 2Y, 6.0 
2.0 
tTHL/ 4.5 | Fig. 5 
tTLH 6.0 


output transition time 
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Octal buffer/line driver; 3-state; inverting 


MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’’, section ‘‘Family specifications’’. 


Output capability: bus driver 
lec category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND =O V;t, =t¢=6 ns; C; = 50 pF 


TEST CONDITIONS 


SYMBOL; PARAMETER UNIT) Vcc |. WAVEFORMS 


V 
propagation delay 

ae TAp to 1Yn; 4.5 | Fig.5 
PLH 2An to 2Y, 

t / 3-state output enable time ik aeneeenn “= 

ieee 10E to 1Yp; ns 4.5 | Fig. 6 
P2L 20E to 2Y, 

t / 3-state output disable time 

ue 10E to 1Y,; ns 4.5 | Fig.6 
PLZ =| = 20E to 2Y, 

tTHL/ output transition time ns 4.5 Fig. 5 

'TLH 
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PC74HC/HCT240 
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PC74HC/HCT240 
MSI 


AC WAVEFORMS 


nOE INPUT 


OUTPUT 
LOW - to-OFF 
OFF -to- LOW 


OUTPUT 


7Z90964.1 
OUTPUT 
HIGH - to- OFF 


OFF -to- HIGH 


outputs —pig——.._ outputs ___=»/j.. outputs 
7Z91260.2 enabled disabled enabled - 


Fig. 5 Waveforms showing the input (1Ap, 2An) 
to output (1Y,, 2Y,) propagation delays and 
the output transition times. 


Fig. 6 Waveforms showing the 3-state enable and 
disable times. 
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PC74HC/HCT241 
MSI 


OCTAL BUFFER/LINE DRIVER; 3-STATE 


FEATURES 


© Output capability: bus driver 
® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT241 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT 241 are octal 
non-inverting buffer/line drivers with 
3-state outputs. The 3-state outputs 
are controlled by the output enable 
inputs 1OE and 20E. 


FUNCTION TABLES 
INPUTS 


OUTPUT 


L 

H 

Z 
INPUTS OUTPUT 


H = HIGH voltage level 

L = LOW voltage level 

X= don't care 

Z = high impedance OF F-state 


7287449 


Fig. 1 Pin configuration. 


TYPICAL 
SYMBOL PARAMETER CONDITIONS |— a UNIT 
HC HCT 
propagation delay C, =150F 
tpHL/ 1A 1Y.: Le p 3 
peers Vec=5V 
‘PLH 2A, to 2Vn CC = 


input capacitance 


power dissipation 


GND = 0 V; Tamb = 25 °C; ty = te = 6 ns 


" 
35 pF 
si 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x VCC? x fo) where: 
fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
Z (Ci x Vec? x fg) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


Itoi 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT241P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT241T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION 


NAME AND FUNCTION 


SYMBOL 


output enable input (active LOW) 


1 10E 
1Ag to 1A3 
2Y¢ to 2Y3 


2,4, 6,8 data inputs 
3,5,7,9 
10 GND 
17, 15, 13, 11 | 2Ag to 2A3 
18, 16, 14, 12 1Yg to 1¥3 bus outputs 

20E output enable input (active HIGH) 


positive supply voltage 


bus outputs 
ground (0 V) 
data inputs 


19 20E 8 


Fig. 2 Logic symbol. 


7287844 


Fig. 3 IEC logic symbol. 


7287843 
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PC74HC/HCT241 
MSI 


7287448 


Fig. 4 Functional diagram. 
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PC74HC/HCT241 
MSI 


Octal buffer/line driver; 3-state 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0 V;t, = t¢ =6 ns; C; = 50 pF 


Samp PC) (°C) TEST CONDITIONS 
ee 
SYMBOL | PARAMETER —a ees" nee WAVEFORMS 
—40 to +85 | —40to +1 } ~40t0 +125 | 
propagation delay 
tPHL/ 1A, to 1Yp; 
tPLH 2A 
n to 2Y, 
’ 3-state output enable time 
‘PZH/ 10E to 1Y>; 
tPZL 
20E to 2Yp, 
3-state output disable time 
tPHz/ 10E to 17>; 
PLZ 20E to 2Yp 
tTHL/ output transition time 
tTLH 
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PC74HC/HCT241 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 


Output capability: bus driver 
Ic@ category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND=0V; ty =t¢=6 ns; Cy = 50 pF 


propagation delay 
*PHL/ 1An to 1Yp; 
PLH | 2Aq to 2Yp 


3-state output enable time 
tpzH! 10E to 1Yp; 
PZL 20E to 2Y, 
3-state output disable time 
pH! 10E to 1Y,,; 
PLZ 20E to 2Y,, 


464 


January 1986 


Octal buffer/line driver: 3-state 


AC WAVEFORMS 


1¥ 4, 2Yq 
OUTPUT 


72Z87845.1 


Fig. 5 Waveforms showing th input (1Apn, 2A,) 
to output (1Y,_, 2Yp) propagation delays and 
the output transition times. 


20E INPUT 


OUTPUT 
LOW -to- OFF 
OFF -to- LOW 


OUTPUT 
HIGH - to-OFF 
OFF -to-HIGH 


OUTPUTS —pp |g —— Outputs |< outputs 
7296094 enabled disabled enabled 


Fig. 7 Waveform showing the 3-state enable and 
disable times for input 2OE. 


Note to AC waveforms 
(1) HC : Vay = 50%; V; = GND to Vee. 
HCT: Vy =1.3V; V; = GND to 3V. 


10E INPUT 


OUTPUT 
LOW - to- OFF 
OFF -to- LOW 


OUTPUT 
HIGH - to-OFF 
OFF -to- HIGH 


7296097 


PC74HC/HCT241 
MSI 


outputs — mlq——— outputs —__+§__ y|~— outputs 


enabled disabled 


enabled 


Fig. 6 Waveform showing the 3-state enable and 
disable times for input 10E. 
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PC74HC/HCT242 
MSI 


QUAD BUS TRANSCEIVER; 3-STATE; INVERTING 


FEATURES 


© inverting 3-state outputs 

® 2-way asynchronous data bus 
communication 

@ Output capability: bus driver 

® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT242 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT242 are quad bus 
transceivers featuring inverting 

3-state bus compatible outputs in both 
send and receive directions. 

They are designed for 4-line 
asynchronous 2-way data communications 
between data buses. 

The output enable inputs (OE , and OEp) 
can be used to isolate the buses. 

The “242” is similar to the “243” but has 
inverting outputs. 


7293196 


Fig. 1 Pin configuration. 


TYPICAL 


SYMBOL PARAMETER CONDITIONS 


propagation delay 
An to By; 
Br to An 


input capacitance 


power dissipation 


. . notes 1 and 2 
Capacitance per transceiver 


GND = 0 V; Tamb = 25 °C; ty = ty = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x VcC? x fj + > (CL x Vcc? x fg) where: 
fj; = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
Z (Cy x Vcc? x fg) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is V} = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT242P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT242T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


NAME AND FUNCTION 


output enable input (active LOW) 
not connected 

data inputs/outputs 
ground (0 V) 

data inputs/outputs 
output enable input 
positive supply voltage 


ENABLE 
EXITING 


7293198.1 
7293197 


Fig. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 
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PC74HC/HCT242 
MS! 


FUNCTION TABLE 


INPUTS/OUTPUTS 
pan [en 


B=A 
Z 
Z 
inputs 


INPUTS 


ENABLE 
EXITING 


H = HIGH voltage level 
L = LOW voltage level 
Z = high impedance OFF-state 


7293199 


Fig. 4 Functional diagram. 
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Quad bus transceiver; 3-state; inverting 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’’, section ‘‘Family specifications”. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0 V; t, = ty = 6 ns; Cy = 50 pF 


SYMBOL 


PARAMETER 


propagation delay 
An to Br; 
Bn to An 


3-state output enable time 
OE, to Ap or Bn; 
OEp to Aj or By 


3-state output disable time 


OEA to An or Bn; 
OEg to An or Bn 


output transition time 


PC74HC/HCT242 


MSI 


TEST CONDITIONS 


2 


Vec | WAVEFORMS 
Vv 
0 
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PC74HC/HCT 242 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘’Family specifications’. 


Output capability: bus driver 
loc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND =0 V; ty = t¢=6ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 


74HCT 


SYMBOL 


PARAMETER UNIT | Vcc | WAVEFORMS 


—40 to +125 V 


16 | 28 35 42 4.5 Fig. 5 


3-state output enable time 
OE, to An or By; 24 | 40 50 60 ns 4.5 Figs 6 and 7 
OEp to Ap or By 


3-state output disable time 
OE, to Ap or Bp; 26 | 40 50 60 ns 4.5 | Figs 6 and 7 
OEg to Ap or By 


output transition time 5 12 15 18 ns 4.5 Fig. 5 
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Quad bus transceiver; 3-state; inverting 


AC WAVEFORMS 


Ay, Bp INPUT 


By, Ay OUTPUT 


7293200 


Fig. 5 Waveforms showing the input (A,, By) to 
output (By, A,) propagation delays and the 
output transition times. 


OEg INPUTS 


OUTPUT 
LOW -to-OFF 
OFF -to- LOW 


OUTPUT 
HIGH - to- OFF 
OFF -to- HIGH 


Outputs — »}.q—_. Outputs _____»).. outputs 
7293201.1 enabled disabled enabled 


Fig. 6 Waveforms showing the 3-state enable and 
disable times for input OEp. 


~ 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3 V; Vj = GND to 3 V. 


OE, INPUT 


OUTPUT 
LOW -to-OFF 
OFF -to- LOW 


OUTPUT 
HIGH - to- OFF 
OFF -to- HIGH 


7Z93202.1 


Fig. 7 Waveforms showing the 3-state enable and 
disable times for input OE,. 


PC74HC/HCT242 


MSI 


outputs SE outputs |< Outputs 


enabled 


disabled 


January 1986 


enabled 
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PC74HC/HCT243 
MSI 


QUAD BUS TRANSCEIVER; 3-STATE 


TYPICAL 
SYMBOL PARAMETER CONDITIONS 
-| HC 


propagation delay 


FEATURES 


@ Non-inverting 3-state outputs 

@ 2-way asynchronous data bus 
communication 

® Output capability: bus driver 

® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT243 are high-speed 

Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT243 are quad bus 
transceivers featuring non-inverting 
3-state bus compatible outputs in both 
send and receive directions. 

They are designed for 4-line 
asynchronous 2-way data communications 
between data buses. 

The output enable inputs (OE, and OEp) 
can be used to isolate the buses. 

The ‘’243” is similar to the “242” but has 
non-inverting (true) outputs. 


7293203 


Fig. 1 Pin configuration. 


input/output capacitance PAO | 


power dissipation ee er 
capacitance per transceiver 


GND = OV; Tamb = 25 °C; ty = tp = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + 2 (CL x VCC? x fo) where: 
fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
2 (Cy x Vcc? x fg) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj} = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT243P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT243T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


output enable input (active LOW) 
not connected 

data inputs/outputs 

ground (0 V) 

data inputs/outputs 

output enable input 

positive supply voltage 


11, 10, 9, 8 
13 
14 


ENABLE 
EXITING 


7Z93205.1 


7293204 


Fig. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 
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PC74HC/HCT243 
MSI 


FUNCTION TABLE 


ENABLE 
EXITING 


H = HIGH voltage level 
L = LOW voltage level 
Z = high impedance OF F-state 


7293206 


Fig. 4 Functional diagram. 
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Quad bus transceiver; 3-state 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’’. 


Output capability: bus driver 
Icc category: MS! 


AC CHARACTERISTICS FOR 74HC 
GND =0 V; ty = tf = 6 ns; C, = 50 pF 


1 


—40 to+85 | —40 to +125 


UNIT 


SYMBOL | PARAMETER 
min 

propagation delay 36 
PHL A, to Bp; 13 
PLH Br to An 10 
3-state output enable time 61 
OE, to Ap or Bn; 22 
*PZL OER to Ap or Br 18 
t / 3-state output disable time 63 
PHZ OE, to Ap or By; 23 
OEg to Ap or By 18 
14 

output transition time 5 

4 


A | min. 


PC74HC/HCT243 
MSI 


TEST CONDITIONS 


WAVEFORMS 


min. | max max. 
1 
110 165 
22 33 ns 
19 28 
__| ame 
175 265 
35 
30 
ii oe 
180 
36 
31 
Enel 
60 
12 
10 


Figs 6 and 7 


Figs 6 and 7 
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PC74HC/HCT243 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: bus driver 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; ty = t¢ = 6 ns; Cy = 50 pF 


Tamb (°C) TEST | TesT conpiTions —_| 
74HCT 
SYMBOL | PARAMETER 


—40to+85 | —40 to+125 
propagation delay 
‘PHL! An to Bn; 
PLH Br to An 


t / 3-state output enable time 
PZH OE, to Ap or Bn; 

'PZL OEg to Ap or By 

t / 3-state output disable time 
PHZ OE, to Ap or By; 

"PLZ OEp to Ap or By 
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PC74HC/HCT243 
MSI 


Quad bus transceiver; 3-state 


AC WAVEFORMS 


Ay, By INPUT 


By, A, OUTPUT 


7Z93207 


Fig. 5 Waveforms showing the input (Ap, By) to 
output (By, A,) propagation delays and the 
output transition times. 


OEg INPUTS 


OUTPUT 
LOW -to- OFF 
OFF - to- LOW 


OUTPUT 
HIGH- to- OFF 
OFF -to- HIGH 


OE, INPUT 


OUTPUT 
LOW - to- OFF 
OFF -to- LOW 


OUTPUT 
HIGH - to- OFF 
OFF -to- HIGH 


Outputs —p»jq—— Outputs |e Outputs Outputs —plq———.. Outputs -____,»|.—— outputs 
72Z93201.1 enabled disabled enabled 7293202.1 enabled disabled enabled 


Fig. 6 Waveforms showing the 3-state enable and Fig. 7 Waveforms showing the 3-state enable and 
disable times for input OEp. disable times for input OE y. 
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PC74HC/HCT244 
MSI 


OCTAL BUFFER/LINE DRIVER; 3-STATE 


FEATURES 


@ Output capability: bus driver SYMBOL PARAMETER 
@ Icc category: MSI 


TYPICAL | 


propagation delay 


GENERAL DESCRIPTION 
tPHL/ 1A, to 1Yp; 


The 74HC/HCT244 are high-speed tPLH OA. to 2Y 
Si-gate CMOS devices and are pin | Le " 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 


compliance with JEDEC standard no. 7. power dissipation 


The 74HC/HCT244 are octal capacitance per buffer 

non-inverting buffer/line drivers with 

3-state outputs. The 3-state outputs are GND = 0 V; Tamb = 25 °C: tp =t¢=6ns 

controlled by the output enable inputs 

10E and 20E. A HIGH on nOE causes Notes 

oe to assume a high impedance 1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 

-state. 2 ; 

The 244" is identical to the “240” but Pp = CPD x VCC* x fi += (CL x VCC? x fo) where: 

has non-inverting outputs. fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz Vcc = supply voltage in V 
x (Ci x Vec? x fg) = sum of outputs 

FUNCTION TABLE 2. For HC the condition is V| = GND to Vcc 


For HCT the condition is Vj} = GND to Vcc — 1.5 V 


INPUTS OUTPUT 
a y ORDERING INFORMATION/PACKAGE OUTLINES 
| n0E | may | ony | PC74HC/HCT244P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT244T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 
PIN DESCRIPTION 


PIN NO. SYMBOL NAME AND FUNCTION 
H = HIGH voltage level 


L= LOW voltage level 1 10E 2 output enable input (active LOW) 
X= don't care 1 . 
Z =high impedance OFF-state 2,4,6,8 Ag to 1Ag3 data inputs 

3,5, 7,9 2YQ to 2Y3 bus outputs 

10 GND ground (0 V) 

17, 15, 13, 11 2AQg to 2A3 data inputs 

18, 16,14,12 | 1Yg to 1¥3 bus outputs 

19 20E output enable input (active LOW) 


20 Vcc positive supply voltage 


2Y¥5 7 


1¥3 12 
23 9 
7287846 


: 7287451 7287847 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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Octal buffer/line driver; 3-state PC74HC/HCT244 
MS! 


Fig. 4 Functional diagram. 
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PC74HC/HCT244 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 


Output capability: bus driver 
lec category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0V;t, =t¢=6ns;C, = 50 pF 


TEST CONDITIONS 


SYMBOL | PARAMETER UNIT WAVEFORMS 


V 

propagation delay 2.0 
1An to 1Yni 4.5 
2An to 2Yn 6.0 


3-state output enable time 
10E to 1Yp; 
20E to 2Yy, 


3-state output enable time 
10E to 1Y,; 
20E to 2Yy 


output transition time 
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Octal buffer/line driver; 3-state PC74HC/HCT244 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: bus driver 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND =O V;t, =t¢=6ns; Cy = 50 pF 


TEST CONDITIONS 


SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
V 
propagation delay 

1An to 1Y 4; 33 ns 4.5 : 
2An to 2Yn 


3-state output enable time 
10E to 1Yy; 
20E to 2Yy 


3-state output enable time 
10E to 1Yp; 
20E to 2Yp, 


output transition time 
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PC74HC/HCT 244 
MSI 


AC WAVEFORMS 


nOE INPUT 


OUTPUT 
LOW- to-OFF 
OFF -to- LOW 


OUTPUT 
OUTPUT 
HIGH - to- OFF 


7287845.1 
OFF -to- HIGH 


outputs —plq———._ Outputs ____ »|<— outputs 
7293364.1 enabled disabled enabled 


Fig. 6 Waveforms showing the 3-state enable and 


Fig. 5 Waveforms showing th input (1A,, 2A,) 
disable times. 


to output (1Y,, 2Yy) propagation delays and 
the output transition times. 


Note to AC waveforms 
(1) HC : Vpq = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 
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PC74HC/HCT245 
MSI 


OCTAL BUS TRANSCEIVER; 3-STATE 


FEATURES 


Octal bidirectional bus interface 
Non-inverting 3-state outputs 
Output capability: bus driver 
Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT245 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT245 are octal 
transceivers featuring non-inverting 
3-state bus compatible outputs in both 
send and receive directions. 

The 245” features an output enable 
(OE) input for easy cascading and a 
send/receive (DIR) for direction control. 
OE controls the outputs so that the 
buses are effectively isolated. 

The ‘‘245” is similar to the ‘640’ but 
has true (non-inverting) outputs. 


FUNCTION TABLE 


INPUTS/OUTPUTS 


INPUTS 


H = HIGH voltage level 

L = LOW voltage level 

X = don't care 

Z =high impedance OF F-state 


7287453 


Fig. 1 Pin configuration. 


SYMBOL PARAMETER 


propagation delay 
An to Bn 


input capacitance 3.5 


Pome dissipation : notes 1 and 2 30 
Capacitance per transceiver 


GND = 0 V; Tampb = 25 °C; tr = tf = 6 ns 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fi+ = (CL x Vcc? x fo) where: 
fj = input frequency in MHz CL 
fo = output frequency in MHz 
2 (Cy x Vec? x fo) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


Notes 


= output load capacitance in pF 
VCC = supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT245P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT245T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


direction control. 
data inputs/outputs 


ground (0 V) 

18, 17, 16, 15, 

14, 13, 12, 11 

19 OE output enable input (active LOW) 
| positive supply voltage 


data inputs/outputs 


7287848 
7287849 


Fig. 2. Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT245 
MSI 


7287452.1 


Fig. 4 Functional diagram. 


484 January 1986 


Octal bus transceiver; 3-state 


DC CHARACTERISTICS FOR 74HC 


PC74HC/HCT245 
MSI! 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section “Family specifications’’. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =OV;t, =t¢=6ns;C; =50 pF 


SYMBOL | PARAMETER 


ropagation delay 
PHL! ee Bn; 
PLH Bn to An 
3-state output enable time 
L OE to B, 
3-state output enable time 
a OE to An: 
LZ OE to By 
tTHL/ output transition time 
j 


TEST CONDITIONS 


WAVEFORMS 
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PC74HC/HCT245 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’’, section ‘‘Family specifications’. 


Output capability: bus driver 
Icc¢ category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND=0V;t, =tf=6ns;C, = 50 pF 


Tamb (°C) TEST CONDITIONS 


SYMBOL | PARAMETER as UNIT | Vec |WAVEFORMS 


+25 —40 to +85 | —40 to +125 Vv 
typ. 
propagation delay 
An to By; 12 
Br to An 
3-state output enable time 
OE to A,; 16 
OE to By 
t / 3-state output enable time 
pe OE to Ay; 15 
PL2 =| ~OEtoBy 
‘THL! output transition time 5 
'TLH 
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PC74HC/HCT245 
MSI 


Octal bus transceiver; 3-state 


AC WAVEFORMS 


OE INPUT 


OUTPUT 
LOW-to-OFF 
OFF - to- LOW 


OUTPUT 
OUTPUT 
HIGH - to- OFF 
OFF - to- HIGH 


7296091 


Outputs —pig——— Outputs _-_»|<«— outputs 
7Z96102 enabled disabled enabled 


Fig. 6 Waveforms showing the 3-state enable and 
disable times. 


Fig. 5 Waveforms showing the input (An, By) 
to output (Bry, An) propagation delays and 
- “the output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to V¢c. 
HCT: Vy = 1.3V; Vj = GND to 3V. 
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C74HC/HCT251 
MSI 


8-INPUT MULTIPLEXER; 3-STATE 


FEATURES 


@ True and complement outputs 

@® Both outputs are 3-state for 
further multiplexer expansion 

@ Multifunction capability 

@ Permits multiplexing from 
n-lines to one line 

@ Output capability: standard 

© Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT251 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT251 are the logic 
implementations of single-pole 8-position 
switches with the state of three select 
inputs (So, S4, Sg) controlling the switch 
positions. a 

Assertion (Y) and negation (Y) outputs 
are both provided. 

The output enable input (OE) is active 
LOW. The logic function provided at the 
output, when activated, is: 


Y= OE.(I9.S9.87.S2 + 14.S9.51.S2 + 

+ 19.89.S1.S2 + 13.89.81.S2 + 

+ 14.59.51.S2 + 15.S9.51.S2 + 

+ Ig.S9.S1.S2 + 17-S9.S1.-S9) 
Both outputs are in the high impedance 
OFF-state (Z) when the output enable 


input is HIGH, allowing multiplexer 
expansion by tying the outputs. 


7Z93100 


Fig. 1 Pin configuration. 
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SYMBOL PARAMETER 


propagation delay 
I, to Y 
tPHL/ I, to Y 
tPLH Sp, to ¥ 
Spy to Y 


GND =0 V; Tamb = 25 °C; ty = tf = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x VCC? x fo) where: 
fj, = input frequency in MHz ci 
fo = output frequency in MHz Vcc 
Y (Cy x Vcc? x fg) = sum of outputs 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT251P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT251T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


HPINNO, SYMBOL NAME AND FUNCTION 


oa A a 5, multiplexer inputs 
multiplexer output 
complementary multiplexer output 
3-state output enable input (active LOW) 
ground (0 V) 

11, 10,9 select inputs 


16 positive supply voltage 


7Z93101 


7293102 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 


8-input multiplexer; 3-state PC74HC/HCT251 
MSI 


MULTIPLEXER 


FUNCTION TABLE 


INPUTS OUTPUTS 
H x x x Xx x x x x x x x Z Z 
L L L L L x Xx x x x x x H L 
L ‘ L L H x x x x x x x L H 
L L L H x L x x x x x x H L 
L L i H x H x x x x x x L H 
L L H i x Xx L x Xx x x xX H L 
L L H L x x H x x x x x L H 
L L H H x x x L x x Xx x H L 
L L H H x x x H x x x x L H 
L H L L x x x x L x Xx x H L 
L H L L x x Xx x H x x x L H 
L H L H x x x x x L x x H L 
L H L H x x x x x H x x L H 
L H H L x x x x x x L x H L 
L H H L x x x x x x H x L H 
L H H H x x x x x x Xx L H L 
L H H H Xx Xx Xx Xx x x x | H L H 


HIGH voltage level 

LOW voltage level 

don’t care 

high impedance OFF-state 


NXCZ 
oul 
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PC74HC/HCT251 
MSI 


iti 


Fig. 5 Logic diagram. 


7293104 
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8-input multiplexer; 3-state PC74HC/HCT251 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; tr = t¢ = 6 ns; Cy = 50 pF 


Tamb (C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 


Fc es ee aca el 


tpHL/ propagation delay rs Fig. 6 
tPLH In to Y 6.0 : 
: 2.0 
tpHt/ propagation delay AS Fig. 7 
; 2.0 
tpHL/ propagation delay a5 Fig. 6 
propagation delay rie cig’? 
Sp to Y 6.0 


3-state output enable time rae Fia. 8 
OE to Y, Y : g. 
6.0 
; 2.0 
3-state output disable time ) 45 Fia 8 
OE to Y, Y ; g. 
6.0 
19 | 75 95 110 2.0 
output transition time 7 15 19 22 4.5 Figs 6 and 7 
6 13 16 19 6.0 
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- PC74HC/HCT251 
Msi 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MS! 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V;t, = ts = 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Voc | WAVEFORMS 
+25 —40 to +85 | —40to +125 Vv 


tpH/ propagation delay 
tPLH In to Y 
tpHL/ propagation delay 53 
tPLH In to Y 
tPHL/ propagation delay j 
tPLH Sn to Y 
propagation delay je | me 


Ea 
rs 
S 


NO 


Spy to Y 
3-state output enable time 
OE to Y, Y 
tpHz/ 3-state output disable time 42 
tpLz OE to Y, Y 


tTHL/ 
tTLH 


ns 4.5 Figs 6 and 7 


output transition time 


N N 
te) ow 
Ww ee) S 
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PC74HC/HCT251 


8-input multiplexer; 3-state 
MSI 


AC WAVEFORMS 


Y OUTPUT Y OUTPUT 


7293105 —! le—tTLy 7293106 TTHL1 |< el ety 
Fig. 7 Waveforms showing the multiplexer input 
(I1,) and select input (S,,) to output (Y) 
propagation delays and the output transition 


times. 


Fig. 6 Waveforms showing the multiplexer input 
(In) and select input (S,) to output (Y) 
propagation delays and the output transition 


times. 


OE INPUT 


OUTPUT 
LOW - to-OFF 
OFF -to- LOW 


OUTPUT 
HIGH - to- OFF 
OFF -to- HIGH 


outputs pe | <g_—__. outputs ee | etree outputs 
7Z96102 enabled disabled enabled 


Fig. 8 Waveforms showing the 3-state enable and 
disable times. 


Note to AC waveforms 
(1) HC : Vp = 50%; Vj = GND to Vcc. 
HCT: Vy =1.3V; Vj = GND to 3V. 
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PC74HC/HCT253B 
MSI 


DUAL 4-INPUT MULTIPLEXER; 3-STATE 


FEATURES _ 
TYPICAL 
© Non-inverting data path SYMBOL | PARAMETER CONDITIONS 
® 3-state outputs for bus interface 
® and multiplex expansion 7 
@ Common select inputs propagation delay 
@ Separate output enable inputs am ae ny; 
@ Output capability: bus driver eon 
@ 


Icc category: MSI input capacitance 


GENERAL DESCRIPTION 


The 74HC/HCT2538B are high-speed 


Si-gate CMOS devices and are pin ‘ : pt eee 
compatible with low power Schottky GND = 0 V; Tamb = 25 C; tr = tf = 6 ns 
TTL (LSTTL). They are specified in Notes 

compliance with JEDEC standard no. 7. 


The 74HC/HCT253B have two identical 
4-input multiplexers with 3-state outputs 


power dissipation 


: , notes 1 and 2 
capacitance per multiplexer 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + = (CL x Vcc? x fo) where: 


which select two bits from four sources fj = input frequency in MHz CL = output load capacitance in pF 
selected by common data select inputs fo = output frequency in MHz <VCC = supply voltage in V 

(So, $1). Y (Cy. x Vee? x fy) = sum of outputs 

When the individual output enable 2. For HC the condition is V} = GND to Vcc 

(10E, 20E) inputs of the 4-input For HCT the condition is V] = GND to Vcc — 1.5 V 

multiplexers are HIGH, the outputs are 

forced to the high impedance OF F-state. = ORDERING INFORMATION/PACKAGE OUTLINES 

The “‘253” is the logic implementation 

of a 2-pole, 4-position switch, where the PC74HC/HCT253BP: 16-lead DIL; plastic (SOT-382). 

position of the switch is determined by PC74HC/HCT253BT: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


the logic levels applied to Sg and Sj. 

The logic equations for the outputs are: 

1¥ = 10E(119.54.S9+114.87.S9+ 
+119.S4.59+113.84.S9) 

2Y = 20E(219.S4.59+214.57.Sg+ 
+219.84.59+213.54.S9) 


PIN DESCRIPTION 


SYMBOL 


NAME AND FUNCTION 


10E, 20E 
So. $4 


output enable inputs (active LOW) 


common data select inputs 


7,9 1Y,2Y 3-state multiplexer outputs 
APPLICATIONS 8 GND ground (0 V) 
@ Data selectors 6, 5,4, 3 1l9 to 113 data inputs from source 1 


® Data multiplexers 10. 11. 12. 13 


16 


2lg to 213 data inputs from source 2 


positive supply voltage 


1Q0E 416) Veco 
sy [2 [15] 208 
113 [3 14] So 


"728 7455.1 


2 3287861 7287862 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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Dual 4-input multiplexer; 3-state 


2 
oe gore 


jaro MULTIPLEXER 


9 7287454.1 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


SELECT DATA INPUTS 
INPUTS 


OUTPUT | OUTPUT 
ENABLE 


xxxKK OK 
irir 


DLtTrTrH LTIrere x1 go 
zrazgorerr x | 


xKKXK KX KIT 


xxKXKK LOT KXK x 
xirir 


mT KK KKKK 


xx ir 


11g Io 


H = HIGH voltage level 

L = LOW voltage level 

X =don’'t care 

Z =high impedance OF F-state 


Sy 213 Zo 21, 2I9 


PC74HC/HCT253B 
MSI 


SF TO a OS BN 


Me 


Y. 


7287456.1 


Fig. 5 Logic diagram. 
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PC74HC/HCT253B 


436 


MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘““HCMOS family characteristics’, section ‘‘Family specifications’ ’. 


Output capability: bus driver 
Ic@ category: MS! 


AC CHARACTERISTICS FOR 74HC 
GND=0OV;t; =t¢=6 ns; C; = 50 pF 


TEST CONDITIONS 


SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS 


min. | typ. | max. 
propagation delay 
PH L/ il, tony; 
PLH Zin tony 
tpHt/ propagation delay 
tPLH Sp tonY 
tpzH/ 3-state output enable time 
tpZ nOE to nY 


3-state output disable time 
nOE to nY 


output transition time 


Dual 4-input multiplexer; 3-state 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ’’HCMOS family characteristics’, section ‘‘Family specifications’’. 


Output capability: bus driver 


Icc category: 


MSI 


Note to HCT types 


PC74HC/HCT253B 
MSI 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shawn in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND =0V;t, =t¢=6ns; Cy = 50 pF 


a 


TEST CONDITIONS 


output transition time | 7 | 


12 


ce 


Tamb (°C) 
= 74HCT 
SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS 
+25 —40to +85 | —40 to +125 
dl. | 
min. | typ. | max. min. | max. min. | max. 
Ete IB ie a 
propagation delay 
Tl, tony; 20 | 38 48 57 
21, tony 
| : =] ! 4 me 
eins delay 29 AO 50 60 
n tony 
a aes Settee 
3-state Output enable time 
nOE to nY 14 | 30 38 45 
=a Sa | | | 
3-state output disable time 13 30 38 45 
nOE to nY 
‘= = | | x | 
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PC74HC/HCT253B 
MSI 


AC WAVEFORMS 


nY OUTPUT 


7287863.1 


Fig. 6 Waveforms showing the input (117, 2!) 
to output (1Y, 2Y) propagation delays and the 
output transition times. 


Note to AC waveforms 
(1) HC : Vyy = 50%; Vj = GND to Vee. 
HCT: Vy = 1.3 V; Vj = GND to 3V. 
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nOE INPUT 


OUTPUT 
LOW - to- OFF 
OFF -to- LOW 


OUTPUT 
HIGH - to- OFF 
OFF -to- HIGH 


Outputs —welq———. Outputs —____»|}q— outputs 
7Z91260.2 enabled disabled enabled 


Fig. 7 Waveforms showing the 3-state enable and 
disable times. 


PC74HC/HCT257 
VviSI 


QUAD 2-INPUT MULTIPLEXER; 3-STATE 


FEATURES 


@® Non-inverting data path 

@ 3-state outputs interface directly 
with system bus 

@ Output capability: bus driver 

® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT257 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT257 have four identical 
2-input multiplexers with 3-state outputs, 
which select 4 bits of data from two 
sources and are controlled by a common 
data select input (S). 

The data inputs from source 0 (119 to 
4lg) are selected when input S is LOW 
and the data inputs from source 1 {114 to 
414) are selected when S is HIGH. 

Data appears at the outputs (1Y to 4Y) 
in true (non-inverting) form from the 
selected inputs. 

The ‘'257” is the logic implementation of 
a 4-pole, 2-position switch, where the 
position of the switch is determined by 
the logic levels applied to S. 

The outputs are forced to a high 
impedance OFF-state when OE is HIGH. 


The logic equations for the outputs are: 
1Y = OE.(114.S + 119.5) 
2Y = OE. (214.S + 2l0.S) 
3Y = OE.(314.S + 310.5) 
AY = OE.(414.S + 419.§) 


The 257” is identica! to the 258” but 
has non-inverting (true) outputs. 


72874331 


Fig. 1 Pin configuration. 


7 — T orypican | 


SYMBOL PARAMETER CONDITIONS cam eee UNIT 
HC HCT 
propagation delay 7 
‘PHL! nlg, nly to nY Clee 11 13 ns 
'PLH S tonY 


Vecr.Y. 14 | 17 a 


input capacitance 3.5 3.5 | pF 
power dissipation | 
notes 1 and 2 45 45 pF 
Notes 


Cpp capacitance per 
multiplexer 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x Vcc’ x fi + = (CL x VCC’ x fo) where: 
output load capacitance in pF 
supply voltage in V 


GND = 0 V; Tamb = 25 °C: ty = t¢ = 6 ns 


f; = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
x (Cy x Vec? x fy) = sum of outputs 

2. For HC the condition is Vj} = GND to VCC 
For HCT the condition is Vj = GND to Vcc — 1.9 V 


lod 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT257P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT257T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


1 S common data select input 


2,5, 14, 11 Tlg to 41g 
3, 6, 13, 10 114 to 414 
4,7,12,9 1Y to 4Y 3-state multiplexer outputs 

8 ground (0 V) 

15 OE 3-state output enable input (active LOW) 


data inputs from source 0 
data inputs from source 1 


16 positive supply voltage 


7287852 


"728785 | 


Fig. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 
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PC74HC/HCT257 
MSI 


SELECTOR 


3-STATE MULTIPLEXER OUTPUTS 


7287432.1 


H = HIGH voltage level 

L = LOW voltage level 
X=don't care 

Z =high impedance OF F-state 


rr 
=rmxK-x 


2Y 


3Y 


4yY 


7Z287431.1 


Fig. 5 Logic diagram. 
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PC74HC/HCT257 
MSI 


Quad 2-input multiplexer; 3-state 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =O V;t, =t¢=6ns; Cy = 50 pF 


Tamb (°C) 
SYMBOL | PARAMETER 


propagation delay 
‘PHL nlg tony; 
PLH nly tonY 


tpHL/ propagation delay 
tPLH ‘| StonY 


tpzH/ 3-state output enable time 
tPZL. OE to nY 

tpH2/ 3-state output disable time 
tpLz OE tonY 

TH L/ Output transition time 
tTLH 


January 1986 501 


PC74HC/HCT257 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: bus driver 
icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alc) for a unit load of 1 is given in the family specifications. 
To determine Alcg per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; t, = te = 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 


| 74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
+25 —40to +85 | —40 to +125 Vv 


z re - ‘ 
4.5 ig. 


> 
< 
Fa 
Z 
x 


propagation delay 
PH L/ nig tony; 
PLH nly tony 


tpHt/ propagation delay 
tPLH Sto nY 


tpzH/ | 3-state output enable time 
tPZL OE tonY 


—_ NO = 
Be 
e 
ol 
Ol 
8 


tpHz/ 3-state output disable time 
tpLz OE to nY 


tTHL/ output transition time 
tTLH | 


— 
n> | 
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Quad 2-input multiplexer; 3-state 


AC WAVEFORMS 


S,nlg,nlq 
INPUT 


nY OUTPUT 


7Z87853.2 


Fig. 6 Waveforms showing the input (nlo, ni4) 
to output (nY) propagation delays and the 
output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vj = GND to Vcc. 
HCT: Vay = 1.3 V; Vj = GND to 3V. 


OE INPUT 


OUTPUT 
LOW-to- OFF 
OFF -to- LOW 


OUTPUT 
HIGH - to-OFF 
OFF -to- HIGH 


7296102 


Fig. 7 Waveforms showing the 3-state enable 
and disable times. 


Vm 


PC74HC/HCT257 
MSI 


(1) 


outputs —pjig————. Outputs —____» |. outputs 


enabled disabled 


enabled 
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DEVELOPMENT DATA 


This data sheet contains advance information and 


specifications are subject to change without notice. 


QUAD 2-INPUT MULTIPLEXER; 3-STATE 


FEATURES 


© inverting data path 

® 3-state outputs interface directly 
with system bus 

® Output capability: bus driver 

® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT258 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT258 have four identical 
2-input multiplexers with 3-state outputs, 
which select 4 bits of data from two 
sources and are controlled by a common 
data select input (S). 

The data inputs from source 0 (119 to 
41) are selected when input S is LOW 
and the data inputs from source 1 (1 I; to 
44) are selected when S is HIGH. 

Data appears at the outputs (1Y to 4Y) 
in inverted form from the select inputs. 
The 258” is the logic implementation 

of a 4-pole, 2-position switch, where the 
position of the switch is determined by 
the logic levels applied to S. 

The outputs are forced to a high 
impedance OFF-state when OE is HIGH. 


The logic equations for the outputs are: 
1Y¥ = OE.(1 14-S + 11g.S) 
2Y = OE.(214.S + 21.8) 
3Y = OE.(314.S + 319.S) 
4Y = OE.(4I 4-5 + 4lo.S) 


The 258” is identical to the “257” but 
has inverting outputs. 


Fig. 1 Pin configuration. 
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TYPICAL 
CONDITIONS . 


SYMBOL 
tpHi/ propagation delay Cy = 15 pF 
tPLH nlo, nly, Sto nY Vcc =5V 14 


input capacitance ; 


PARAMETER 


GND =0 V; Tamb = 25 °C; ty = te =6 ns 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT258P: 16-lead DIL; plastic (SOT-382Z). 
PC74HC/HCT258T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


1 S 
2,5, 14, 11 
3,6,13,10 | 114 to 414 
4,7, 12,9 1¥ to 4Y 3-state multiplexer outputs 

8 ground (0 V) 

15 OE 3-state output enable input (active LOW) 
16 positive supply voltage 


common data select input 
lq to 41g data inputs from source 0 


data inputs from source 1 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OFF-state 


PC74HC/HCT259 
MSI 


8-BIT ADDRESSABLE LATCH 


TYPICAL 
FEATURES SYMBOL PARAMETER CONDITIONS UNIT 
@ Combines demultiplexer and 8-bit HC HCT 


latch a propagation delay 
@ Serial-to-parallel capability D toQ, 18 20 
@ Output from each storage bit An, LE to Q, 17 20 
available MR to QO, 15 20 


® Random (addressable) data entry 

@ Easily expandable input capacitance | 8s 
® Common reset input S uaiicaee 

@ Useful as a 3-to-8 active HIGH 

decoder 

Output capability: standard 
® Icc category: MSI 


power dissipation 
capacitance per latch 


GND = 0 V; Tamb = 25 °C; ty = te = 6 ns 


notes 1 and 2 


GENERAL DESCRIPTION Notes 

The 74HC/HCT259 are high-speed 1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Si-gate CMOS devices and are pin PD = Cpp x Vcc’ x fj + = (CL x Vcc? x fo) where: 

compatible with low power Schottky fj = input frequency in MHz CL = output load capacitance in pF 
TTL (LSTTL). They are specified in fo = output frequency in MHz VCC = supply voltage in V 
compliance with JEDEC standard no. 7. Y (Cy x Voc? x fg) = sum of outputs 

The 74HC/HCT259 are high-speed 2. For HC thecondition is Vj = GND to Vcc 

8-bit addressable latches designed for For HCT the condition is Vj = GND to Vcc — 1.5 V 

general purpose storage applications in 

Glgiial systetns: (Me 2ee. are ORDERING INFORMATION/PACKAGE OUTLINES 
multifunctional devices capable of 

storing single-line data in eight PC74HC/HCT259P : 16-lead DIL; plastic (SOT-38Z). 

addressable latches, and also 3-to-8 PC74HC/HCT259T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


decoder and demultiplexer, with active 


H tputs (Q i 
IGH outputs (Q9 to Q7), functions PIN DESCRIPTION 


are available. 
The “259” also incorporates an active PIN NO. SYMBOL NAME AND FUNCTION 
LOW common reset (MR) for resetting ii 
all latches, as well as, an active LOW 123 AntoA address inouts 
enable input (LE). ges 0 2 ‘ 
4,5,6.7,9 | antoa latch output 
(continued on next page) 10, 11, 12 Qto'7 ee eae 
8 GND ground (0 V) 
13 D data input 
14 LE latch enable input (active LOW) 
15 MR conditional reset input (active LOW) 


16 positive supply voltage 


MR 
Pis 7293311 


ess 7293312 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT259 
MSI 


7293313 


Fig. 4 Functional diagram. 


addressable latch 
memory 

active HIGH 8-channel demultiplexer 
reset 


OUTPUTS 


addressable latch 


Grrr TrTtT ere 


re ee rr re oe 


xrartist rn re ee x a Riggs ed Sa rn ee ee 


2 ee Oe ee pa aes Oe eae x< a ee a ae 
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L em sm ON em 
L Lt JL {bk jlo jk fk 
H Q=d/{L {L {JL JL fk 
demultiplex 7 : 
(active HIGH) H L |Q=d/L [JL JL 
decoder 
L Seria. <iille HE 
ees : L a. : Q=d/L [L 
L JL Je {b- lQeq}b 
L IL ik jk Jt lQed 
neti ca fos [ow for 


GENERAL DESCRIPTION (Cont’d.) 


The “259” has four modes of operation 
as shown in the mode select table. 

In the addressable latch mode, data on 
the data line (D) is written into the 
addressed latch. The addressed latch will 
follow the data input with all non- 
addressed latches remaining in their 
previous states. In the memory mode, 
all latches remain in their previous 
states and are unaffected by the data 

or address inputs. 


In the 3-to-8 decoding or demultiplexing 
mode, the addressed output follows the 
state of the D input with all other outputs 
in the LOW state. In the reset mode all 
outputs are LOW and unaffected by the 
address (Ag to Ag) and data (D) input. 
When operating the 259” as an 
addressable latch, changing more than one 
bit of address could impose a transient- 
wrong address. Therefore, this should only 
be done while in the memory mode. The 
mode select table summarizes the 
operations of the ‘’259”’. 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

d = HIGH or LOW data one set-up 
time prior to the LOW-to-HIGH 
LE transition 

q = lower case letters indicate the 
state of the referenced output 
established during the last cycle 
in which it was addressed or 
cleared 


8-bit addressable latch PC74HC/HCT259 
MSI 


HSS 
O Q7 
> 
Penn } >e Fig. 5 Logic diagram. 
a 


7293314 
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PC74HC/HCT259 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =O V;t, =t¢=6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HC 

SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 

tpHL/ 

tPLH 


‘ : max. 
230 
Fig. 7 


Figs 6 and 7 


propagation delay 
D to Qn 


aS 
(o>) 


propagation delay 
An to Qn 


propagation delay 
LE toQ, 


propagation delay 
MR to O, 


output transition time 


— — (O 
oo © 
WRN |W 3 
OnW | o > 
oO x 


LE pulse width ‘ = 
HIGH or LOW 12 1/5 


MR pulse width 
LOW 


—_ ad SJ 
OPO 
oo—=- 

~S 
— = (© 
010 © 


set-up time __ 
D, An to LE 


4.5 | Figs 10and 11 
6.0 


0 —19 0 2.0 
0 —6 0 4.5 Fig. 10 
0 —5 0 6.0 

2 

2 

2 


hold time 
D to LE 


‘ hold time_ ; 
h Ay to LE 5 (| 3 


2 
2 ns 4.5 Fig. 11 
2 


PC74HC/HCT259 
MSI 


8-bit addressable latch 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND=OV;t, =t¢=6ns;C; = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc |. WAVEFORMS 
+25 —40 to +85 | --40 to+125 Vv 
min. | typ. | max. | min. | max. | min. | max. i! 
T reece 
tpH_/ propagation delay 
tPLH D to Q, 23 | 39 49 59 " 4.5 Fig. 7 
ft 
tpHL/ propagation delay 
tPLH An to On 25 42 53 63 ns | 4.5 Fig. 8 
tpHi/ stagatate delay | i a 
tPLH LE toQ, 22 | 38 oan 57 ns 4.5 Fig. 6 
is ne ool e 
tPHL Propagation delay 23 | 39 49 59 | ns 4.5 | Fig. 9 
. MR to OQ, | | 
: / ~T at je 
ae output transition time 7 15 19 22 ns 4.5 Figs 6 and 7 
LE pulse width . 
tw HIGH or LOW ns 4.5 Fig. 6 
—_ | 
MR pulse width ; 
‘W LOW ns 45 | Fig:9 
Bsn as! ior. mee eee 
set-up time ’ 
tsu D to LE ns | 4.5 | Fig. 10 
set-up time : 
Tsu A, to LE ns 4.5 Fig. 11 
hold time . 
th Dto LE ns 4.5 Fig. 10 
hold time . 
th A, to LE ns | 4.5 | Fig. 11 


eye 
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PC74HC/HCT259 
MSI 


AC WAVEFORMS 


D,, INPUT Vf \ 


LE INPUT 


Q,, OUTPUT 


7293315 wel lee try awl le—trey 


Fig. 6 Waveforms showing the enable input (LE) 
to output (Q,,) propagation delays, the enable 
input pulse width and the output transition times. 


Q,, OUTPUT 


7293316 


Fig. 8 Waveforms showing the address inputs (Aj) 
to outputs (Q,,) propagation delays and the output 
transition times. 


D,, INPUT 


LE INPUT 


Fig. 10 Waveforms showing the data set-up and 
hold times for D input to LE input. 


7293318.1 


Note to AC waveforms 


(1) HC : Vay = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 
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Q,, OUTPUT 


7293261 TTHL el be 


Fig. 7 Waveforms showing the data input (D) to 
output (Q,,) propagation delays and the output 
transition times. 


Q,, OUTPUT 


7293317 


Fig. 9 Waveforms showing the conditional reset 
input (MR) to output (Q,) propagation delays. 


A, INPUT 


LE INPUT 


7Z93319.1 


Fig. 11 Waveforms showing the address set-up 
and hold times for A, inputs to LE input. 


Note to Figs 10 and 11 


The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 


PC74HC7266 
SSI 


QUAD 2-INPUT EXCLUSIVE-NOR GATE 


FEATURES 


@ Output capability: standard 
© Icc category: SSI 


GENERAL DESCRIPTION 


The 74HC7266 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 


compliance with JEDEC standard no. 7. 


The 74HC7266 provide the 
EXCLUSIVE-NOR function with active 
push-pull output. 


7293388 


Fig. 1 Pin configuration. 


TYPICAL 
CONDITIONS UNIT 


PARAMETER 


propagation delay 
nA, nB to nY 


input capacitance 


power dissipation 
Capacitance per gate 


GND = 0 V; Tamb = 25 °C; ty = te = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x Vcc’ x fj + = (CL x Vcc? x fo) where: 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
ZX (CL x Vec’? x fg) = sum of outputs 


2. For HC thecondition is V} = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC7266P: 14-lead DIL; plastic (SOT-27). 
PC74HC7266T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


| PINNO. | SYMBOL NAME AND FUNCTION 


1,5, 8, 12 1A to 4A 
2,6,9, 13 1B to 4B 
3,4, 10, 11 1Y to 4Y 
7 GND 
14 Vcc 


data inputs 

data inputs 

data outputs 

ground (0 V) 

positive supply voltage 


7293389 7Z93390 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC7266 
SSI 


FUNCTION TABLE 


INPUTS OUTPUT | 
ma [| we | my 


7293391 


H = HIGH voltage level 
L = LOW voltage level 


7293389 


Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate). 
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PC74HC7266 
SSI 


Quad 2-input EXCLUSIVE-NOR gate 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘‘Family specifications’’. 


Output capability: standard 
Icc category: SSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV;t, = tp =6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER Vcc | WAVEFORMS 


UNIT 


é 39 120 150 180 2.0 
tpHL/ propagation delay 14 | 24 30 36 ns 4.5 
tPLH nA, nB to nY 11 | 20 26 31 6.0 
tTHL/ output transition time 
tTLH 


AC WAVEFORMS 


nA, nB INPUT 

nY OUTPUT 

7293633 
Fig. 6 Waveforms showing the input (nA, nB) 
to output (nY) propagation delays and the 
output transition times. 


Note to AC waveforms 
(1) HC : Vyq = 50%; Vj = GND to Vcc 
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PC74HC/HCT273 
MSI 


OCTAL D-TYPE FLIP-FLOP WITH RESET; POSITIVE-EDGE TRIGGER 


FEATURES 


@® Ideal buffer for MOS microprocessor 


or memory 
@ Common clock and master reset 


@* Eight positive edge-triggered D-type 


flip-flops 
@ See “377” for clock enable version 
@ See 373” for transparent latch 
version 
@ See 374” for 3-state version 
@ Output capability; standard 
® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT273 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT273 have eight edge- 
triggered, D-type flip-flops with 
individual D inputs and QO outputs. 
The common clock (CP) and master reset 
(MR) inputs load and reset (clear) all 
flip-flops simultaneously. 

The state of each D input, one set-up 
time before the LOW-to-HIGH clock 
transition, is transferred to the 
corresponding output (Q,) of the 
flip-flop. 

All outputs will be forced LOW 
independently of clock or data inputs 
by a LOW voltage level on the 

MR input. 

The device is useful for applications 
where the true output only is required 
and the clock and master reset are 
common to all storage elements. 


7293256 
Fig. 1 Pin configuration. 
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TYPICAL 
PARAMETER 


propagation delay 
CP to Qn 
MR to Q, 


power dissipation 
capacitance per flip 


GND =0 V; Tamb = 25 °C; ty = ts = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x Vcc’ x fj + = (CL x Vcc? x fo) where: 
fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
2 (Cy x Vcc? x fo) = sum of outputs 
2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT273P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT273T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION 


1 
2, 5, 6, 9, 12, 
15, 16, 19 


NAME AND FUNCTION 


master reset input (active LOW) 


flip-flop outputs 


3,4, 7, 8, 13, . 
14, 17, 18 data inputs 

AY ground (0 V) 

11 clock input (LOW-to-HIGH, edge-triggered) 


20 positive supply voltage 


7293257 7293258 


Fig. 3 1EC logic symbol. 


ig. 2 Logic symbol. 


Octal D-type flip-flop with reset; positive-edge trigger PC74HC/HCT273 
MSI 


7293259 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


OPERATING MODES 


H = HIGH voltage level 
h = HIGH voltage level one set-up time prior to the 
LOW-to-HIGH CP transition 
L = LOW voltage level 
toad "1" | | = LOW voltage level one set-up time prior to the 
LOW-to-HIGH CP transition 
ane t = LOW-to-HIGH transition 


Da Dp a 
OV CP 
Ls FF8 
Le a 


Y 


Q4 
7293260 


Fig. 5 Logic diagram. 
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PC74HC/HCT273 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; t, = te = 6 ns; C_ = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 | —40 to +125 V 
min. | typ. | max. max. min, | max. 


tpH/ propagation delay 


tPLH CP to Oy 


tpHL/ propagation delay 


tTHL/ output transition time 
'TLH 
t clock pulse width Fe 
Ww HIGH or LOW A 
t master reset pulse width ae 
W LOW ‘A 
: 50 
t removal time 10 
rem MR to CP 9 
t set-up time me 
ao Dr to CP 10 
t hold time : 
h CP to Dp 3 
: 6 
F maximum clock pulse 30 
max frequency 35 
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Octal D-type flip-flop with reset; positive-edge trigger PC74HC/HCT273 
MSI 


Dc CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


: unit load 
in ae 


AC CHARACTERISTICS FOR 74HCT 
GND =0OV;t, = t¢=6 ns; C; = 50 pF 


TEST CONDITIONS 


Tamb (°C) 
74HCT 
SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS 
+25 —40 to +85 | —40 to +125 Vv 
vise [ mc] win | [me 
tpHL/ propagation delay 3 45 Fig. 6 
tpHL/ propagation delay | 45 Fig. 7 
‘THL/ output transition time 7 15 19 22 4.5 Fig. 6 
'TLH 
clock pulse width 45 Fig. 6 
ty a re MSE 3) ge 40 21 26 ns 4.5 | Fig.7 
removal time . 
Te = | 
set-up time : 
tsy Dy, to CP 16 | 9 20 24 ns | 4.5 Fig. 8 
hold time ee. 45 Fig. 8 
maximum clock pulse MH 45 Fia.6 
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PC74HC/HCT273 
MSI 


‘AC WAVEFORMS 


MR INPUT 


CP INPUT 


CP INPUT 


Q,, OUTPUT 


7287479.1 | Q,, OUTPUT 
7287478 


Fig. 7 Waveforms showing the master reset (MR) 
pulse width, the master reset to output (Q,,) 
propagation delays and the master reset to clock 
(CP) removal time. 


Fig. 6 Waveforms showing the clock (CP) to 
output (Q,,) propagation delays, the clock pulse 
width output transition times and the maximum 
clock pulse frequency. 


CP INPUT 
Dy, INPUT Fig. 8 Waveforms showing the data set-up and 
hold times for the data input (Dj). 
Note to Fig. 8 
Q,, OUTPUT Vyy (1) The shaded areas indicate when the input is 
permitted to change for predictable output 
7293142 performance. 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to V¢c. 
HCT: Vy =1.3V; Vj = GND to 3V. 
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PC74HC/HCT280 
MSI 


9-BIT ODD/EVEN PARITY GENERATOR/CHECKER 


FEATURES 


@ Word-length easily expanded by SYMBOL PARAMETER 
cascading 

@ Similar pin configuration to the 
“180” for easy system up-grading 

@ Generates either odd or even parity 
for nine data bits - 

@ Output capability: standard input capacitance 

® Icc category: MSI 


TYPICAL 


propagation delay 
In to DE 


power dissipation 
GENERAL DESCRIPTION capacitance per package 
The 74HC/HCT280 are high-speed . Sa es th 
Si-gate CMOS devices and are pin GND =0 Vi Tamb = 25 C; tr = tf = 6 ns 
compatible with low power Schottky 


notes 1 and 2 


TTL (LSTTL). They are specified in Notes 
compliance with JEDEC standard no. 7. 1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
The 74HC/HCT280 are 9-bit parity Pp =Cpp x Vcc’ x fj + = (CL. x Vcc? x fo) where: 
generators or checkers commonly used to fj = input frequency in MHz CL = output load capacitance in pF 
detect errors in high-speed data fo = output frequency in MHz Vcc = supply voltage in V 
hak - et retrieval systems. E (Cy x Vec? x fg) = sum of outputs 
Both even and od parity outpus fe 2. For HC_ the condtion is V1 = GND to Voc 
: ' For HCT the condition is Vj = GND to Vcc — 1.5 V 
or odd parity up to 9 bits. 
The even parity output (2 ) is HIGH 
when an even number of data inputs ORDERING INFORMATION/PACKAGE OUTLINES 
(Ig to Ig) are HIGH. The odd parity PC74HC/HCT280P: 14-lead DIL; plastic (SOT-27). 
output (XQ) is HIGH when an odd PC74HC/HCT280T: 14-iead mini-pack; plastic (SO-14; SOT- 108A). 
number of data inputs are HIGH. 
Expansion to larger word sizes is PIN DESCRIPTION 


accomplished by tying the even outputs 
(2) of up to nine parallel devices to 
the data inputs of the final stage. 


SYMBOL NAME AND FUNCTION 


8, 2) 10, 11, data inputs 


12, 13, 1, 2, 4 


APPLICATIONS 5, 6 parity outputs 


@ 25-line parity generator/checker u ground {0 V} 


@ 81-line parity generator/checker 


14 positive supply voltage 


7287458 7287498 "7287499 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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~ PC74HC/HCT280 
MSI 


FUNCTION TABLE 


8 {9 j10 4411 |12 313 41 4 
eee eel 


INPUTS OUTPUTS 


number of HIGH data inputs LE ZO 
(Ig to Ig) 

even H L 
odd LC H 


H = HIGH voltage level 
L. =LOW voltage level 


al 
ere 
MS 


j|y | ts 


i= 
© 


i 


ne 


7Z87459 


alka 
faa 
# 


fe 
& 


Fig. 5 Logic diagram. 
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9-bit odd/even parity generator/checker PC74HC/HCT280 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘“‘HCMOS family characteristics’, section “Family specifications’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V;t, = t¢ = 6 ns; Cy = 50 pF 


TEST CONDITIONS 


Tamb (°C) 
74HC 
SYMBOL | PARAMETER UNIT 


WAVEFORMS 
+25 —40to+85 | —40 to +125 


* min. | max. min. max. 


250 300 
tpHL/ propagation delay 50 60 ns 
tPLH In to XE 43 51 

250 300 
tpHL/ propagation delay 50 60 ns 
tPLH In to zO 43 51 


/ 95 110 
"THL output transition time 7 15 19 22 ns 
'tTLH 6 13 16 19 
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PC74HC/HCT280 
MSi 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
lac category: MS! 


Note to HCT types 


The value of additional quiescent supply current (Alqc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


pil unit load 
. p coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND =O V; ty, =t¢=6ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 


SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
—40 to +85 | —40to +125 Vv 


tpHL/ propagation delay 
tPLH In to DE 
tpHL/ propagation delay 
tTHL/ output transition time 
i 


AC WAVEFORMS 


|, INPUT 


OUTPUT 


7Z287497.1 


Fig. 6 Waveforms showing the data input (I,) 
to parity outputs (2,20) propagation delays 
and the output transition time. Note 0. AC wavefonis 


(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy=1.3V; Vj = GND to 3V. 
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PC74HC/HCT283 
MSI 


4-BIT FULL ADDER WITH FAST CARRY 


FEATURES 


High-speed 4-bit binary addition 
Cascadable in 4-bit increments 
Fast internal look-ahead carry 
Output capability: standard 

Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT283 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT283 add two 4-bit 
binary words (Ap plus By) plus the 
incoming carry. The binary sum appears 
on the sum outputs (24 to 24) and the 
out-going carry (COUT) according to 
the equation: 


Cin + (Aq + By) + 2(Ag + Bo) + 

+ 4(A3 + B3) + 8(Aq + Bg) = 
=24+222+423+ 824 + 16COUT 
Where (+) = plus. 


Due to the symmetry of the binary add 
function, the ‘’283” can be used with 
either all active HIGH operands (positive 
logic) or all active LOW operands 
(negative logic); see function table. 

In case of all active LOW operands the 
results 24 to 24 and Cour should be 
interpreted also as active LOW. With 
active HIGH inputs, CjNy must be held 
LOW when no “carry in” is intended. 
Interchanging inputs of equal weight does 
not affect the operation, thus Cjjy, Aq, 
B1 can be assigned arbitrarily to pins 5, 
6, 7, etc. 


See the ‘583” for the BCD version. 


7Z93827 


Fig. 1 Pin configuration. 


TYPICAL 
SYMBOL PARAMETER CONDITIONS oo UNIT 
HC HCT 
propagation delay 
Cin to 24 16 15 ns 
Ci, to Xo 18 21 ns 
Cin to 23 20 23 ns 
Cin to 24 ds 23 27 ns 
An of Bn to Zp MOGs ov 21 | 25 | ns 
Cin to COUT 20 23 ns 
An or By to COUT 20 24 ns 
C; input capacitance 3,5 3.5 pF 


power dissipation | 
CPD [rome dition pte: eer ee ee 


GND = OV; Tamb = 25 OC; ty = tf = 6 ns 

Notes 

1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x Vcc’ x fj + = (CL x Vcc? x fo) where: 


output load capacitance in pF 
supply voltage in V 


fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
2 (CL x Vcc? x fo) = sum of outputs 


2. For HC thecondition is Vj} = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT283P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT283F: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 
YMBOL 


NAME AND FUNCTION 


4,1, 13, 10 
5, 3, 14, 12 
6, 2, 15, 11 


sum outputs 

A operand inputs 

B operand inputs 
carry input 

ground (0 V) 

carry output 

positive supply voltage 


7Z93828 


7293829 


Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT283 
MSI 


7293830 


FUNCTION TABLE 


PINS Cin | At} A2 | Ag 


Ag B1 B3 Ba] 21| 22 | 23 CouT | EXAMPLE| Example 1001 
1010 

aa came 10011 

active HIGH 0 0 Ht Jo fa | 1 (a) for active HIGH, 

ae oe fo [1 fo. re example = (9 + 10 = 19) 

suas meee (b) for active LOW, 

H = HIGH voltage level example = (carry + 6 + 5 = 12) 

L = LOW voltage level 


ge 
— 
ie] 
~— 


7293832 


Fig. 5 Logic diagram. 
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4-bit full adder with fast carry | PC74HC/HCT283 
| MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘“HCMOS family characteristics’’, section ’’Family specifications”. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =O V;t, =t¢=6ns; C, = 50 pF 
rs _ 


TEST CONDITIONS 


ra 


Tamb (°C) 
74HC 


SYMBOL | PARAMETER 


UNIT | Veco | WAVEFORMS 
Vv 


tPHL/ propagation delay 
tPLH CiN to 24 
tPHL/ propagation delay 
tPLH CIN to 22 
tPHL/ propagation delay 
tPLH CiN to 23 
tPHL/ propagation delay 
tPLH CIN to 24 
tPHL/ propagation delay 
tPLH An or Bn to 2p 
tPHL/ propagation delay 
tPLH Cin to COUT 
tPHL/ propagation delay 
tPLH An or Bn to COUT 

‘ | 
tTHL/ output transition time 
tTLH 
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PC74HC/HCT283 


526 


MSI 


DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter ’’HCMOS family characteristics’, section ‘“Family specifications’’. 
Output capability: standard 

Icc category: MS} 

Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


CIN 


B2, A2, A 
By 

Bg, Ad, 
A3, B3 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; ty = t¢=6 ns; Cy = 50 pF 


Tamb (°C) 


TEST CONDITIONS 
SYMBOL | PARAMETER UNIT WAVEFORMS 
Vv 
propagation delay 


propagation delay 
Cin to 2 


propagation delay 
Cin to 2B 


propagation delay 
Cin to 24 


propagation delay 
An or Bn to =n 


propagation delay 
Cin to COUT 


propagation delay 
An or Bn to COUT 


tTHL/ 


output transition time 
tTLH 
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PC74HC/HCT 283 
MSI 


4-bit full adder with fast carry 


AC WAVEFORMS 


Zn Court 
OUTPUT 


7293831 


Fig. 6 Waveforms showing the inputs (Ci qq, 
An, Bn) to the outputs (2p, COUT) 
propagation delays and the output 
transition times. Note to AC waveforms 
(1) HC : Viy = 50%; V; = GND to Vee. 
HCT: Vy =1.3V; Vj = GND to 3V. 
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PC74HC/HCT297 
MSI 


DIGITAL PHASE-LOCKED-LOOP FILTER 


FEATURES 


@ Digital design avoids analog 
compensation errors 
® Easily cascadable for higher order 


| TYPICAL 


SYMBOL ——| UNIT 


PARAMETER CONDITIONS 


propagation delay 1a 


loops tpy./ |/Dcp to |/DoUT 
@ Useful frequency range: 'PLH ae : oot ee ee 
DC to 55 MHz typical (K-clock) 2 OUT . aa 7 ay 
DC to 35 MHz typical (1/D-clock) . maximum clock frequency : ss se 
® Dynamically variable bandwidth imax KcP ae 
: 5 [/Dep 41 40 
@® Very narrow bandwidth attainable eee eee eee ed cr 
C input Capacitance 3.5 3.5 pF 
@ Power-on reset | edi ence L pe 
® Output capability: Cpp power issibanen i notes 1 and 2 18 19 pF | 
standard/bus driver capacitance per package Seo ates dls ; 
© icc category: MSI GND = 0 V; Tamb = 25 °C; ty = te = 6 ns 
GENERAL DESCRIPTION Notes 
The 74HC/HCT297 are high-speed 1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Si-gate CMOS devices and are pin Pp =Cpp x Vcc’ x ff + = (CL x Vcc’ x fo) where: 
compatible with low power Schottky st oes , ee Cali oad Pande tance ae 
TTL (LSTTL). They are specified in fi _ input frequency he MHz CL a Cae a P V P 
Handa. withdEDEC ctaodard nec? fo = output frequency in MHz Vcc supply voltage in 
mE encan : ee Sena: x (Cy x Vec?’ x fg) = sum of outputs 
Ee ea bee cote designed? 2. For HC_ the condition is Vi = GND to Vcc 
provide a simple, cost-effective For HCT the condition is V} = GND to Vcc — 1.5 V 
solution to high-accuracy, digital, 
phase-locked-loop applications. These 
devices contain all the necessary ORDERING NE OMEACED GE OUTLINES 
circuits, with the exception of the PC74HC/HCT297P: 16-lead DIL; plastic (SOT-382). : 
divide-by-n counter, to build first PC74HC/HCT297T: 16-lead mini-pack; plastic (SO-16L; SOT-162A). 
order phase-locked-loops. 
Both EXCLUSIVE-OR (XORPD) and edge- 
controlled (ECPD) phase detectors are 
provided for maximum flexibility. The 
input signals for the EXCLUSIVE-OR 
phase detector must have a 50% duty 
factor to obtain the maximum lock- 
range. 
Proper partioning of the loop function, 
with many of the building blocks 
external to the package, makes it easy 
for the designer to incorporate ripple 
cancellation (see Fig. 7) or to cascade 
to higher order phase-locked-loops. 
(continued on next page) 
IN 
PROGRESS 
'/D out 
XORPD yt 
ECPD gyt 
7296073 7296074 
Fig. 1 Pin configuration . Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PIN DESCRIPTION 


2, 1,15, 14 A,B,C, D 


ENCTR 
Kcp 


1/Dcep 
D/U 
I/DOUT 


GND 


oA 1, 6B, 6A2 
XORPDOQUT 
ECPDguUT 


VCC 


MODULO-K 
COUNTER 


ie 


NAME AND FUNCTION 


modulo control inputs 
K-counter enable input 


K-counter clock input 
(LOW-to-HIGH, edge-triggered) 


increment/decrement clock input 
(H1IGH-to-LOW, edge-triggered) 


down/up control 

increment/decrement bus output 
ground (0 V) 

phase inputs 

EXCLUSIVE-OR phase detector output 
edge-controlled phase detector output 
positive supply voltage 


BORROW 


CIRCUIT 
BA, 
9 ,> XORPD yt | 44 


7296075 


Fig. 4 Functional diagram. 


GENERAL DESCRIPTION (Cont'd) 


The length of the up/down K-counter is 
digitally programmable according to the 
K-counter function table. With, A, B, C 
and D all LOW, the K-counter is disabled. 
With A HIGH and B, C and D LOW, the 
K-counter is only three stages long, which 
widens the bandwidth or capture range 
and shortens the lock time of the loop. 
When A, B, C and D are all programmed 
HIGH, the K-counter becomes seventeen 
stages long, which narrows the bandwidth 


January 1986 


or capture range and lengthens the lock 
time. Real-time control of loop bandwith 
by manipulating the A to D inputs can 
maximize the overall performance of the 
digital phase-locked loop. 


The “297” can perform the classic first- 
order phase-locked-loop function without 
using analog components. The accuracy of 
the digital phase-locked-loop (DPLL) is 
not affected by Vcc and temperature 
variations but depends solely on 


K-COUNTER (DIGITAL CONTROL) 
FUNCTION TABLE 


eels [a | opto ie 


inhibited 


Lo Sere LB eee 
Lorre 2 lrr Lee OLS 
Croan Serer Tear eco 


pe as ee a Lrrtt roe rn oe oe 


EXCLUSIVE-OR PHASE DETECTOR 
FUNCTION TABLE 


EDGE-CONTROLLED PHASE 
DETECTOR TABLE 


no change 
no change 


H = HIGH voltage level 
L. = LOW voltage level 
1 = HIGH-to-LOW transition 
+ = LOW-to-HIGH transition 


accuracies of the K-clock, !/D-clock and 
loop propagation delays. 


The phase detector generates an error 
signal waveform that, at zero phase error, 

is a 50% duty factor square wave. At the 
limits of linear operation, the phase 
detector output will be either HIGH or 
LOW all of the time depending on the 
direction of the phase error (¢;yy — $Q0UT)- 
Within these limits the phase detector 
output varies linearly with the input phase 


PC74HC/HCT297 
MSI 


Digital phase-locked-loop filter 


MODULO-K COUNTER 


CONTROL CIRCUIT 


POWER ON RESET 


BORROW 


INCREMENT /DECREMENT CIRCUIT 


EXCLUSIVE -OR PHASE DETECTOR 


EDGE—CONTROLLED PHASE DETECTOR 


7Z96085 


Fig. 5 Logic diagram. 
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GENERAL DESCRIPTION (Cont'd) 


error according to the gain kg, which is 
expressed in terms of phase detector 
output per cycle or phase error. The 
phase detector output can be defined to 


vary between + 1 according to the relation: 
% HIGH — % LOW 


phase detector output = 100 


The output of the phase detector will be 
Kdde, where the phase error 

de = YIN — SOUT: 

EXCLUSIVE-OR phase detectors 
(XORPD) and edge-controlled phase 


detectors (ECPD) are commonly used 
digital types. The ECPD is more complex 


fout 
Bout 
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DIVIDE-BY-K 
COUNTER 


- DIVIDE-BY-N 
COUNTER 


Fig.6 DPLL using EXCLUSIVE-OR phase detection. 


DIVIDE-BY-K 
COUNTER 


_| DIVIDE-BY-N 
| COUNTER 


Fig. 7 DPLL using both phase detectors in a ripple-cancelation scheme. 


than the XORPD logic function but can 
be described generally as a circuit that 
changes states on one of the transitions 

of its inputs. The gain (kq) for an XORPD 
is 4 because its output remains HIGH 
(XORPDouT = 1) for a phase error of 
1/4 cycle. 

Similarly, Kg for the ECPD is 2 since its 
output remains HIGH for a phase error of 
1/2 cycle. The type of phase detector will 
determine the zero-phase-error point, i.e., 
the phase separation of the phase detector 
inputs for a dg defined to be zero. For the 
basic DPLL system of Fig. 6 eg = O when 


the phase detector output is a square wave. 


7296077 


| CARRY 


BORROW 


I/D CIRCUIT 4 2Nfc 


7Z96076 


The XORPD inputs are 1/4 cycle out-of- 
phase for zero phase error. For the ECPD, 
$e = O when the inputs are 1/2 cycle out- 
of-phase. 


The phase detector output controls the 
up/down input to the K-counter. The 
counter is clocked by input frequency Mfc, 
which is a multiple M of the loop centre 
frequency f,. When the K-counter recycles 
up, it generates a carry pulse. Recycling 
while counting down generates a borrow 
pulse. If the carry and the borrow outputs 
are conceptually combined into one 
output that is positive for a carry and 
negative for a borrow, and if the K-counter 
is considered as a frequency divider with 
the ratio Mf,/K, the output of the 
K-counter will equal the input frequency 
multiplied by the division ratio. Thus the 
output from the K-counter is (kq¢deMfc)/K. 


The carry and borrow pulses go to the 
increment/decrement (I/D) circuit which, 
in the absence of any carry or borrow 
pulses has an output that is 1/2 of the 
input clock (I/Dcp). The input clock is 
just a multiple, 2N, of the loop centre 
frequency. In response to a carry or 
borrow pulse, the I/D circuit will either 
add or delete a pulse at !/DQurt. Thus the 
output of the I/D circuit will be 

Nf, + (kq¢eMFf,)/2K. 


The output of the N-counter (or the 
output of the phase-locked-loop) is thus: 
fo = fg + (KgdeMf.)/2KN. 


if this result is compared to the equation 
for a first-order analog phase-locked-loop, 
the digital equivalent of the gain of the 
VCO is just Mf,/2KN or f,/K for M = 2N. 


Thus the simple first-order phase-locked- 
loop with an adjustable K-counter is the 
equivalent of an analog phase-locked-loop 
with a programmable VCO gain. 


PC74HC/HCT297 
MSI 


Digital phase-locked-loop filter 


CARRY PULSE 
(internal signal) i 
OO, 
BORROW PULSE 
(internal signal) ia 
-/-=—=-s-— _  ————_—_—_———_— 
Weourotmes | | [| | | | | | || | Ly [| 


7296078 


Fig. 8 Timing diagram: |/DQuyT in-lock condition. 


@B INPUT | | | | | | 
Az INPUT | | | | | | 
ECPD gy OUTPUT | | | | | 


7Z96079 


Fig. 9 Timing diagram: edge-controlled phase comparator waveforms. 


QB INPUT | | | | | | 
BA, \NPUT | | | | 
XORPD gyy OUTPUT | | | | | | | | | | 


7Z96080 


Fig. 10 Timing diagram: EXCLUSIVE-OR phase detector waveforms. 
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DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘'HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: standard/bus driver 
Icc category: MS! 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; ty = t¢= 6 ns; CL = 50 pF 
Tamb (°C) TEST CONDITIONS 


~~ 74HO 
SYMBOL | PARAMETER UNIT Voc WAVEFORMS 
+25 —40 to +85 40 00 4125 | to +125 
| | min typ. | max.| min. | max.| min, | max 
tPHL/ propagation delay ri . 
tPLH 1/Dcp to !/DQUT 14 


propagation delay 


tPHL/ Ay, 6B 

*PLH to XORPDgytT 
ropagation dela 

tPHL/ OB. a 

'PLH to ECPDQUT 

t 1 output transition time: 

aly, Li bus driver output; 

TLH 1/DouT (pin 7) 


output transition time: 
tTHL/ standard outputs; 


tTLH XORPDOQuT, ECPDQUT 
(pins 11, 12). 


ig. 12 and 13 


clock pulse width 


i Kp 
t clock pulse width 
me 1/Dcp 
t set-up time 
au D/U, ENcTR to Kcp 
t hold time 
h D/U, ENcTR to Kcp 
f maximum clock pulse 
nes frequency Kcp 
F maximum clock pulse 
Enea frequency |/Dcp 
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Digital phase-locked-loop filter 


MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ’"HCMOS family characteristics’, section “Family specifications”. 
Output capability: standard/bus driver 


Icc category: MSI 
Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


ENctR, D/U 


A,B,C, D, 
Kep, ¢A2 
\/Dcp, ¢A1, 
6B 


AC CHARACTERISTICS FOR 74HCT 
GND = OV, t, = t= 6 ns; Cy = 50 pF 


Tamb (°C) 
74HCT 
SYMBOL | PARAMETER 
+25 —40 to +85 
typ. | max.| 


propagation delay 

|/Dep to |/DQouT 
propagation delay 

¢A1, 6B to XORPDQUT 
tPHL/ propagation delay 
tPLH $B, $A2 to ECPDQUT 

output transition time 

tTHL/ i 
tTLH 


bus driver output 
/DouT (pin 7) 

tTHL/ 

'tTLH 


TEST CONDITIONS 


(ee) 
No 


Ww ‘nds = ~N o NN _ NO 
(o>) w Ww NO (o>) = 


output transition time 
standard outputs 
XORPDOQUT, ECPDQUT 
(pins 11, 12) 


t clock pulse width 

= Kcp 

t clock pulse width 

Ww |/Dep 

t set-up time 

ou D/U, ENcTR to Kcp 
th 


hold time 
D/U, ENcTR to Kcp 


maximum clock pulse 
frequency Kcp 


—_ 
on 
ia 
oO 
i<e) => ol 
oO o1 ao 


NO 
oT 


NO 
ete 
= = 


fmax 


maximum clock pulse 
frequency !/Dcp 


NO W 
7 


fmax 


PC74HC/HCT297 
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AC WAVEFORMS 


\/Dop INPUT 


I/Dgyt OUTPUT 


7296081.1 


Fig. 11 Waveforms showing the clock (I/Dcp) 
to output (1/DQUT) propagation delays, the 
clock pulse width, output transition times 

and maximum clock pulse frequency. 


OB INPUT 


A, INPUT 


XORPD yt 
OUTPUT 


~d- > —<—_— teLH a 
7296083 tPLH tPHL 


Fig. 12 Waveforms showing the phase input 
($B, ¢A1) to output (XORPDoOyT) 


propagation delays and output transition times. 


SB INPUT Vy"? 
WA INPUT Vu") 
ECPD gut 

OUTPUT 


7Z96084.1 tpHL eo el le tply TTHL 


Fig. 13 Waveforms showing the phase input 
($B, 6A9) to output (ECPDgyT) 


propagation delays and output transition times. 
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D/U, ENctTR 


Kcp INPUT 


eget SS Se 1/f max 7Z96082 


Fig. 14 Waveforms showing the clock (Kcp) 
pulse width and the maximum clock pulse 
frequency, and the input (D/U, ENcTR) 

to clock (K¢p) set-up and hold times. 


Note to Fig. 14 


The shaded areas indicate when the input 
is permitted to change for predictable 
output performance. 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vec. 
HCT: Vy =1.3V; Vj = GND to 3V. 


PC74HC/HCT299 
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8-BIT UNIVERSAL SHIFT REGISTER; 3-STATE 


FEATURES 


e@ Multiplexed inputs/outputs provide 
improved bit density 
@® Four operating modes: shift left 
shift right 
hold (store) 
load data 
@ Operates with output enable or at 
high-impedance OF F-state (Z) 
@ 3-state outputs drive bus lines 
directly 
@® Can be cascaded for n-bits word 
length 
@® Output capability: 
bus driver (parallel !/Os) 
standard (serial outputs) 
® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT299 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT299 contain eight edge- 
triggered D-type flip-flops and the 
interstage logic necessary to perform 
synchronous shift-right, shift-left, parallel 
load and hold operations. The type of 
operation is determined by the mode 
select inputs (Sg and $7), as shown in the 
mode select table. 

All flip-flop outputs have 3-state buffers 
to separate these outputs (I/Og to !/07) 
such, that they can serve as data inputs in 
the parallel load mode. The serial outputs 
(QoQ and Q7) are used for expansion in 
serial shifting of longer words. 


(continued on next page) 


7Z93272 


Fig. 1 Pin configuration. 


SYMBOL PARAMETER 


propagation delay 
CP to Qg, Q7 
CP to 1/07 


MR to Qo, Q7 
or !/On 


maximum clock frequency 
input/output capacitance 
capacitance per package 


GND = 0 V; Tampb = 25 °C; ty = te = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + © (CL x Vcc? x fo) where: 
fj = input frequency in MHz Ch. 
fo = output frequency in MHz Vcc 
Z (Cy x Vcc? x fg) = sum of outputs 


2. For HC thecondition is Vj} = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT299P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT299T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION See next page 


7293273 


7293274.1 


Fig. 2 Logic symbol. 


Fig. 3 IEC logic symbol. 
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PIN DESCRIPTION GENERAL DESCRIPTION (Cont’d.) 


PINNO. SYMBOL NAME AND FUNCTION 


A LOW signal on the asynchronous master 
reset input (MR) overrides the S, and 


1, 19 So, $4 mode select inputs Priori and resets ae Maabaas 

ee es ; : other state changes are initiated by the 
2,3 OE, OE2 3-state output enable inputs (active LOW) rising edge of the clock pulse. Inputs can 
7, 13, 6, 14, \/On to I/O parallel data inputs or 3-state parallel outputs change when the clock is either state, 
5, 15, 4, 16 0 i (bus driver) provided that the recommended set-up 
8, 17 Qo, Q7 serial outputs (standard output) and hold times, relative to the rising edge 
9 MR asynchronous master reset input (active LOW) OF Ch are Obsewed: 

A HIGH signal on the 3-state output 
V Prolia picts 
" eee groune Ss ) ae enable inputs (OE; or OE) disables the 
11 DSR serial data shift-right input 3-state buffers and the I/O, outputs are 
12 CP clock input (LOW-to-HIGH, edge-triggered) set to the high-impedance OF F-state. In this 
‘ ee . t condition, the shift, hold, load and reset 

i Pst Serle Bete euitiievedgpy operations can still occur. The 3-state 
20 Vcc positive supply voltage buffers are also disabled by HIGH signals 


on both Sg and Sq, when in preparation 
for a parallel load operation. 


8-BIT SHIFT REGISTER 


— 

O 

aaa: (ee INPUT /3-STATE OUTPUT CIRCUITRY 

Mecsas 
7 W133 Ie Ira Is) Its J4 


Fig. 4 Functional diagram. 
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MODE SELECT TABLE 


INPUTS 


a ee RESPONSE 
mR | ss | so | 


L asynchronous reset; Qg-Q7 = LOW 
parallel load; 1/O, > Qn 

shift right; Dgp > QQ, Qo > Q} ete. 
shift left;Ds; > Q7, Q7 > Q¢ ete. 
hold 


Coil x< 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

t = LOW-to-HIGH CP transition 
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8-bit universal shift register; 3-state PC74HC/HCT299 
MS! 


ee = 
3 on 
Hee 


a 


SAL Gas 


ae f he 
OCP 
linea) hice 
Rp 
> 
D aR 
OCP 
FFG 
Rp 
O 


ai 


Fig. 5 Logic diagram. 
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PC74HC/HCT 299 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications”. 
Output capability: bus driver (parallel 1/Os) 
standard (serial outputs) 
Icc category: MSI 
AC CHARACTERISTICS FOR 74HC 
GND=0OV;t, =t¢=6 ns; C_ = 50 pF 


Tamb (°C) TEST CONDITIONS 


74HC 
SYMBOL | PARAMETER UNIT | Vcc 
+25 —40 to +85 | —40 to +125 Vv 
max. 


2.0 
4.5 
6.0 


WAVEFORMS 


propagation delay 
CP to Og, Q7 


tPHL/ 
tPLH 


propagation delay 
CP to 1/On 


O1N 
oOo 
© 


a: Hl 
Wood 
© 


BS 
OO 


propagation delay 
MR to Qo, Q7 
or 1/On 


3-state output enable time 
OE, to Oo, 07 
or 1/Oy 


tPZL. 


tpH2/ 
tPLZ 
tTHL/ 
tTLH 


3-state output disable time 
OE, to Qg, Q7 
or I/O 


output transition time 
bus driver (1/O,) 


BPO] | aN! HNO | OND | MPNQD | weNO Zz 
PI MWAWWIMOMT/ ONO | OD | ORD Ss 

N 

Oo 

oO 


—_ 2 OD) 
ONO 


265 
42 53 
45 
175 220 
35 44 
30 37 
200 250 
40 50 
34 43 
75 
15 
13 
19 95 
19 
16 


tTHL/ output transition time 7 a 
tTLH standard (Qo, Q7) 6 13 
t clock pulse width ie a ig 
W HIGH or LOW 35 30 
t master reset pulse width ay a 
LOW 21 26 
removal time 95 ie 
trem MR to CP . ar: 


set-up time 


1/On, Dsp, DSL 
to CP 


Tsu 
t set-up time es 
oY So, $4 to CP 26 | 14 


= (7 —_ =a on — on — 
MOO; woart © © 


NW 
OPN 
© 
WAN 
o-oo 
o1 


PC74HC/HCT299 
MSI 


8-bit universal shift register; 3-state 


AC CHARACTERISTICS FOR 74HC (continued) 


GND=0OV;t,=6ns;C; =50 pF 


Tamb (°C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
V 
typ. in. in. 


hold time —30 
\/On, Dsp, DSi 
to CP 


hold time e 
Sg, $4 to CP 10 
: x 


lock pul i. 
Loikias clock pulse 39 18 15 MHz | 4.5 Fig. 6 
requency 46 21 18 6.0 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter “HCMOS family characteristics’, section ‘Family specifications”. 
Output capability: bus driver (parallel !/Os) 


standard (serial outputs) 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alc¢) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 
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PC74HC/HCT299 
MSI 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; ty =t¢=6 ns; Cy = 50 pF 


| TESTCONDITIONS | TESTCONDITIONS 


SYMBOL | PARAMETER UNIT = WAVEFORMS 
—40 to +85 | —40 to +125 


sropadation delay 
CP to I/O, 


propagation delay 
MR to Qo, Q7 
or 1/On 


3-state output enable time 
OE, to Qo, 07 
or I/On 


3-state output disable time 
OE, to Qg, Q7 
or I/O, 


output transition time 
standard (Qo, Q7) 


clock pulse width 
HIGH or LOW 


hold time 
So, $1 to CP 
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8-bit universal shift register; 3-state 


PC74HC/HCT299 
MSI 


AC WAVEFORMS 


ety ato 


| th jw | th je 


CP INPUT Vu! 


1/0,,Qg, Q7 
OUTPUTS 


72Z293279.1 


MR INPUT 


CP INPUT 


OUTPUTS 
7293276 


Fig. 7 Waveforms showing the master reset (MR) 
pulse width (LOW), the master reset to output 
(1/On, Qg, Q7) propagation delays and the master 
reset to clock (CP) removal time. 


Fig. 6 Waveforms showing the clock (CP) to 
output (1/O,, Qo, Q7) propagation delays, the 
clock pulse width, the 1/O,, Dgp and Dg, to CP 
set-up and hold times, the output transition times 
and the maximum clock frequency. 


Note to Fig. 6 


The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 


1/0, 0s5R,OsL.S, 


INPUTS 


CP INPUT 


7Z93277 


Fig. 8 Waveforms showing the set-up and hold 
times from the mode control inputs (So, S71) 
to the clock (CP). 


nOE INPUT 


1/0, OUTPUT 
LOW - to- OFF 
OFF -to- LOW 


1/0, OUTPUT 
HIGH - to- OFF 
OFF -to-HIGH 


Outputs —»l———-—._ Outputs —___,»|.4— outputs 
7293278.1 enabled disabled enabled 


Note to AC waveforms 
(1) HC : Vyq = 50%; Vj = GND to Vcc. 
HCT: Vy = 1.3V; V} = GND to 3V. 


Fig. 9 Waveforms showing the 3-state enable and 
disable times for OE, inputs. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


8-INPUT MULTIPLEXER/REGISTER WITH TRANSPARENT LATCHES; 3-STATE 


FEATURES 


Transparent data latch 
Transparent address latch 
Easily expanding 
Complementary outputs 
Output capability: bus driver 
Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT354 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT354 data selectors/ 
multiplexers contain full on-chip binary 
decoding, to select one-of-eight data 
sources. The data select address is stored 
in transparent latches that are enabled by 
a LOW on the latch enable input (LE). 


The transparent 8-bit data latches 

are enabled when the active LOW 

data enable input (E) is LOW. 

When the output enable input 

OE, = HIGH, OE9 = HIGH or 

OE3 = LOW, the outputs go to the high 
impedance OF F-state. 

Operation of these output enable inputs 
does not affect the state of the latches. 


Fig. 1 Pin configuration. 


TYPICAL 


UNIT 
ee 
a5 


pF 


SYMBOL PARAMETER 


CONDITIONS 


propagation delay 
Sp, Dy to Y, Y 


input Capacitance 


GND = 0 V; Tamb = 25 °C; ty = tp = 6 ns 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT354P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT354T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION 


NAME AND FUNCTION 


—— ee 


SYMBOL 


data inputs 


Dg to D7 


E data enable input (active LOW) 


10 GND ground (0 V) 

11 LE latch enable input (active LOW) 

14, 13, 12 So, $1, $2 select inputs 

15, 16 OE;, OE2 output enable inputs (active LOW) 

17 output enable input (active HIGH) 

18 3-state multiplexer output (active LOW) 


3-state multiplexer output (active HIGH) 


positive supply voltage 


19 
20 
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PC74HC/HCT354 
MSI 
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PC74HC/HCT354 
MSI 


FUNCTION TABLE 


INPUTS 


OUTPUTS 


ADDRESS * OUTPUT ENABLE DESCRIPTION 


outputs in 
high impedance 
OFF-state 


_ 2 


pox fe 
ox g 
aca 


or oe ee 


data latch is 
transparent 


ee ee ee a eee ee ee 


data is 
latched 


ps apg Ce We al Se Daal Ege Grrr TIrtT 


ed aman mee aa 


2. -crece i Raag Cge C B ee oe a 


DotoD7 = data at inputs Do to D7 - 2 
Don to D7, = data at inputs Do to D7 before the most recent LOW-to-HIGH transition of E 
H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OF F-state 


* This column shows the input address set-up with LE = LOW 
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DEVELOPMENT DATA 


This data sheet contains advance information and 


specifications are subject to change without notice. 


8-INPUT MULTIPLEXER/REGISTER; 3-STATE 


FEATURES 


Non-transparent data latch 
Transparent address latch 
Easily expanding 
Complementary outputs 
Output capability: bus driver 
Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT356 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT356 data selectors/ 
multiplexers contain full on-chip binary 
decoding, to select one-of-eight data 
sources. The data select address is stored 
in transparent latches that are enabled by 
a LOW on the latch enable input LE. 


Data on the 8 input lines (Dg to D7) 

is clocked into a edge-triggered data 
register by a LOW-to-HIGH transition of 
the clock (CP). 

When the output enable input 

OE, = HIGH, OE9 = HIGH or 

OE3 = LOW, the outputs go to the high 
impedance OF F-state. 

Operation of these output enable inputs 
does not affect the state of the latches 
and register. 


Fig: 1 Pin configuration. 


SYMBOL PARAMETER 


PC74HC/HCT356 
MSI 


TYPICAL 


UNIT 


CONDITIONS 


propagation delay 
Sn, CP to Y, Y 


input capacitance 


GND = 0 V; Tamb = 28 °C; ty = te = 6 ns 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT356P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT356T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION 


SYMBOL 


NAME AND FUNCTION 


Dg to D7 


cP 
GND 


LE 
14, 13, 12 So, $1, 52 
15, 16 OEy, OE2 


17 
18 
19 
20 


OEF3 
Y 


Vcc 


data inputs 


clock input (LOW-to-HIGH, edge-triggered) 
ground (0 V) 

latch enable input (active LOW) 

select inputs 

output enable inputs (active LOW) 
output enable input (active HIGH) 
3-state multiplexer output (active LOW) 
3-state multiplexer output (active HIGH) 
positive supply voltage 
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PC74HC/HCT356 
MSI 


FUNCTION TABLE 


INPUTS OUTPUTS 
OUTPUT ENABLE 


ADDRESS * DESCRIPTION 


outputs in 
high impedance 
OFF-state 


=| 


EPoertt BITE L) Lae Tr LLL ‘onl 
oO 


data is clocked 
into latch 


creer | -cere cere <x x< = g 


La xT oa ae Janes Sa a xIrTmair 


outputs do not 
change states 


<irair 


)rrre Damoer | corre xgmimre|xxx 
ceee 


Let LL - cece LPrrtzt Foes 


Don to D7, = data present at inputs Dg to D7 when the data latch clock made the 
transition from LOW-to-HIGH 

DOp to D7p = data previously latched into the data latch by the LOW-to-HIGH 
transition of the data latch clock 


HIGH voltage level 

LOW voltage level 

don’t care 

LOW-to-HIGH CP transition 
H|IGH-to-LOW CP transition 
high impedance OF F-state 


N<--x<F-r 


Hou ot a uo ou 


* 


This column shows the input address set-up with LE = LOW. 
** CP is HIGH, LOW or J. 
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PC74HC/HCT365 
MsI 


HEX BUFFER/LINE DRIVER; 3-STATE 


FEATURES 


@ Non-inverting outputs 
@ Output capability: bus driver 
@ Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT365 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT365 are hex non-inverting 
buffer/line drivers with 3-state outputs. 
The 3-state outputs (nY) are controlled by 
the output enable inputs (OE 7, OE). 

A HIGH on OE, causes the outputs to 
assume a high impedance OF F-state. 


The ‘’365” is identical to the “366” but 
has non-inverting outputs. 


7293672 


Fig. 1: Pin configuration. 


TYPICAL 


SYMBOL PARAMETER CONDITIONS 
HC | HCT 
tPpHL/ propagation delay Cy = 15 pF 9 
tPLH nA to nY Vcc =5 V 
C; input capacitance 3,5 | 3,5 


power dissipation 


capacitance per buffer notes 1 and 2 


= 


GND = 0 V; Tamb = 25 °C; ty = tf = 6 ns 


Notes 

1. Cpp is used to determine the dynamic power dissipation (Pp in pW): 
Pp =Cpp x Vcc’ x fi+ © (CL x Vcc? x fo} where: 

CL 

Vcc 


fj = input frequency in MHz 

fo = output frequency in MHz 

x (Cy x Vcc? x fg) = sum of outputs 
2. For HC the condition is Vj = GND to Vcc 

For HCT the condition is Vj = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT365P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT365T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


NAME AND FUNCTION 


SYMBOL 


1,15 output enable inputs (active LOW) 


2,4, 6, 10, 12, 
14 


eo a re a 
13 


8 
16 


OE 1, OE2 


1A to 6A data inputs 


1Y to BY data outputs 


GND ground (0 V) 


positive supply voltage 


7293680 7293676 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT365 
MS! 


FUNCTION TABLE © 


INPUTS OUTPUT 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OF F-state 


7293681 


Fig. 4 Functional diagram. 


ONE BUFFER/LINE DRIVER 


SIX IDENTICAL CIRCUITS 7293851 


Fig. 5 Logic diagram. 
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Hex buffer/line driver; 3-state 


MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ’’HCMOS family characteristics’’, section ‘Family specifications’. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND = OV; t, = tf =6ns; Cy = 50 pF 


a eo : ee 
] Tamb ( C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER acme UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 | —40 to +125 V 
min. | max. 

; 145 2.0 
tPHL/ propagation delay 99 ae 45 | Fig.6 
tPLH nA to nY 35 6.0 

ae cea 
225 2.0 

tPZ}/ 3-state output enable time A5 es 45 | Fig.7 
tPZL OEn to nY 
tPHZ/ 3-state output disable time 
tPLZ OEn to nY 
tTHL/ output transition time 5 12 15 
'TLH 4 | 10 13 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘’HCMOS family characteristics’, section '’Family specifications’. 
Output capability: bus driver 


lcc category: MSI 
Note to HCT types. 


The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 
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PC74HC/HCT365 
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PC74HC/HCT365 
MSI 


AC CHARACTERISTICS FOR 74HCT 


GND=0OV; dit 6 ns; CL = 50 pF 


poet emaeoererend (°C) TEST CONDITIONS 
ee ee 
SYMBOL | PARAMETER UNIT Voc WAVEFORMS 
| 425 | a0 to +85 | —40 to +125 
- =Soome 


tPHL/ propagation delay 
tPLH nA to nY 


8 


tpZH/ 3-state output enable time 16 
tpZL OE, to nY 


tpHz/ 3-state output disable time 
tPLZ OEn to nY 

'THL/ output transition time 
tTLH 


AC WAVEFORMS 


nA’ INPUT 


OUTPUT 
LOW -to-OFF 
OFF - to- LOW 


nY OUTPUT 


OUTPUT 
HIGH - to- OF F 
OFF -to- HIGH 


7Z93690 


outputs —pl«—— _ Outputs ___»|~«— outputs 
7293691 enabled disabled enabled 


Fig. 6 Waveforms showing the input (nA) Fig. 7 Waveforms showing the 3-state enable 
to output (nY) propagation delays and and disable times. 
the output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3 V; V} = GND to 3V. 
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PC74HC/HCT366 
MS! 


HEX BUFFER/LINE DRIVER; 3-STATE; INVERTING 


a re tt re ge SS a a cert cin es 


F , eee en eee 
EATURES [ TYPICAL 
@ Inverting outputs SYMBOL PARAMETER CONDITIONS oT UNIT 
@ Output capability: bus driver / HC | HCT 
® Icc category: MSI [ ee a nan : 7 
CC gory tpHL/ propagation delay Cy = 15 pF 10 1 

tPLH nA to nY Vcc =5V " 
GENERAL DESCRIPTION eee | Rennes t . | eee 
The 74HC/HCT366 are high-speed C| input capacitance 3.5 | 3.5 | pF 
Si-gate CMOS devices and are pin pe et? a. trae ie hee Ree 
compatible with low power Schottky power dissipation 1 and 30 3 F 
TTL (LSTTL). They are specified in CPD capacitance per buffer Dp een | oa 
compliance with JEDEC standard no. 7. Ser Snes See ee gy ee Oe ke NE ST PEG ery : 
The 74HC/HCT366 are hex inverting GND = 0 V; Tamb = 25 °C; tr = tf = 6 ns 
buffer/line drivers with 3-state outputs. 
The 3-state outputs (nY) are controlled Notes 
by the OUtDEDENanIE inputs (OE 7, OE9). 1. Cpp is used to determine the dynamic power dissipation (Pp in nW): 
A HIGH on OE, causes the outputs to Pp =Cpp x Vcc? x fi + © (CL x VCC? x fo} where: 


assume a high impedance OF F -state. 


Se baer fj = input frequency in MHz CL. = output load capacitance in pF 
The “366"" is identical to the “365” but fo = output frequency in MHz Vcc = supply voltage in V 
has inverting outputs. x (Cy x Voc? x fg) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT366P: 16-lead DIL; plastic (SOT-382Z). 
PC74HC/HCT366T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


1,15 OE, OE 


2, 4, 6, 10, 12, 
14 


3,5, 7,9, 11, 
13 


8 
16 


NAME AND FUNCTION 


output enable inputs (active LOW) 


1A to6A data inputs 


1Y to 6Y data outputs 


ground (0 V) 
positive supply voltage 


GND 


7293673 7293682 7293677 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT366 
MSI 


FUNCTION TABLE 


INPUTS OUTPUT 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OFF-state 


7293683 


Fig. 4 Functional diagram. 


ONE BUFFER/LINE DRIVER 


SIX IDENTICAL CIRCUITS 7293852 


Fig. 5 Logic diagram. 
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PC74HC/HCT366 
MSI 


Hex buffer/line driver; 3-state; inverting 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘’HCMOS family characteristics’’, section ‘’Family specifications”. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND = OV; ty = tf = 6 ns; CL = 50 pF 


| Tamb (°C) TEST CONDITIONS 


74HC 


r a UNIT | Vcc | WAVEFORMS 
| 40 to +125 V 


SYMBOL | PARAMETER r 


min. min. | max. 


propagation delay 
nA to nY 


3-state output enable time 
OEn to nY 


3-state output disable time 
OEn to nY 


output transition time 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ’"HCMOS family characteristics’’, section ‘Family specifications’. 


Output capability: bus driver 
Icc category: MSI 
Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 
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PC74HC/HCT366 
MSI 


AC CHARACTERISTICS FOR 74HCT 


GND = 0 \V; ty = tf = 6 ns; Cy = 50 pF 
a See 


Tamb (°C) 
74HCT 


TEST CONDITIONS 


SYMBOL | PARAMETER 


Vcc | WAVEFORMS 


—40 to +85 | —40 to +125 


= bs — — - a a 

tPHL/ propagation delay 

tPLH nA to nY 

3-state output enable time 
OEn to nY 


3-state output disable time 
OEn to nY 


AC WAVEFORMS 


nA INPUT 


OUTPUT 
LOW - to- OF F 
OFF -to- LOW 


jae Copy] ee top> 


n¥ OUTPUT Vl) 


OUTPUT 
HIGH - to- OF F 
OFF -to- HIGH 


7293689 SHE Pet re Te 


Outputs -—plq———. Outputs 9 |g outputs 
7293691 enabled disabled enabled 


Fig. 7 Waveforms showing the 3-state enable 
and disable times. 


Fig. 6 Waveforms showing the input (nA) 
to output (nY) propagation delays and 
the output transition times. 


Note to AC waveforms 
(1) HC : Vpy = 50%; Vy = GND to Vcc. 
HCT: Vy =1.3V; Vy = GND to 3V. 
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PC74HC/HCT367 
MSI 


HEX BUFFER/LINE DRIVER; 3-STATE 


FEATURES 


@ Non-inverting outputs 
@ Output capability: bus driver 
® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT367 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL(LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT367 are hex non-inverting 
buffer/line drivers with 3-state outputs. 
The 3-state outputs (nY) are controlled 
by the output enable inputs (1OE, 20E). 
A HIGH on nOE causes the outputs to 
assume a high impedance OF F-state. 

The ‘'367”' is identical to the ‘368’ but 
has non-inverting outputs. 


7293674 


Fig. 1 Pin configuration. 


sunrtione | LTvPIca L 
PARAMETER CONDITIONS = py 


SYMBOL 


propagation delay CL = 15 pF 8 
nA to nY Vec=5V 


input capacitance 3.5 


power dissipation 
ceo capacitance per buffer | notes lands | = 


GND = 0V; Tamb = 25 °C; t, = tf = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fi + = (CL x Vcc? x fo) where: 


output load capacitance in pF 
supply voltage in V 


fj = input frequency in MHz Ci: 
fo = output frequency in MHz Vcc 
x (Cy x Vec? x fo) = sum of outputs 
2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


| 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT367P: 16-lead DIL; plastic (SOT-382). 
PC74HC/HCT367T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


1,15 10E, 20E output enable inputs (active LOW) 


2,4, 6, 10, 12, 
14 


1A to 6A data inputs 


3,5, 7,9, 11, 


13 1Y to 6Y data outputs 


8 GND ground (0 V) 
16 Vcc positive supply voltage 


7Z93684 7793678 


Fig. 2 Logic symbol. Fig. 3 1EC logic symbol. 
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PC74HC/HCT367 
ae 


es ae FUNCTION TABLE 


INPUTS OUTPUTS 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OF F-state 


7293685 


Fig. 4 Functional diagram. 


el ecto pena BRN INET COSY TURING TOS AORTA EPH RLBATO ORE a E 


y meee ne oneysr nape mA rORATL Be RRA seme Remmi 


ONE BUFFER/LINE DRIVER 


SIX IDENTICAL CIRCUITS 7293853 


Fig. 5 Logic diagram. 
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Hex buffer/line driver; 3-state 


MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ’’HCMOS family characteristics’’, section ’’Family specifications’’. 


Output capability: bus driver 
lcc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =OV; ty = tf = 6 ns; CL = 50 pF 


TEST CONDITIONS 


aa" Sane (°C) 
ee 
SYMBOL | PARAMETER UNIT Vec WAVEFORMS 
120 145 
tPHL/ 24 29 A Fig. 6 
‘PLH 20 25 6.0 
/ 190 225 2.0 
'PZH 38 45 4.5 | Fig. 7 
'PZL 33 38 
tPHZ/ 3-state output disable time Fig: 7 
tPLZ nOE to nY 
/ 75 90 
'THL ns Fig. 6 
'TLH . 
DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ’’HCMOS family characteristics’, section "Family specifications’’. 
Output capability: bus driver 


Icc category: MSI 


propagation delay 
nA to nY 


3-state output enable time 
nOE to nY 


Output transition time 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is givenin the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT =| COEFFICIENT 
10E 1.00 
20E 0.90 
nA 1.00 
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PC74HC/HCT367 


559 


PC74HC/HCT367 


260 


MSi 


AC CHARACTERISTICS FOR 74HCT 
GND =OV; ty = tf = 6 ns; CL = 50 pF 


SYMBOL | PARAMETER 


propagation delay 
nA to nY 


3-state output enable time 
nOE to nY 


3-state output disable time 
nOE to nY 


tTHL/ a ; 
tTLH output transition time 5 
AC WAVEFORMS 


nA INPUT 


nY OUTPUT 


7Z93690 


Fig. 6 Waveforms showing the input (nA) 
to output (nY) propagation delays and 
the output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vy = GND to Vcc. 
HCT: Vy = 1.3V; Vy = GND to 3V. 
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TEST CONDITIONS 


Vcc | WAVEFORMS 


Fig. 7 


Fig. 6 


min |main| 

ofa || 38 ns 4.5 | Fig. 6 
she eyo eee eae 
jae | 53 ns 4.5 | Fig. 7 
44 53 ns 4.5 

15 18 ns 4.5 


OUTPUT 
LOW-to-OFF 
OFF -to- LOW 


OUTPUT 
HIGH - to- OFF 
OFF -to- HIGH 


OUTPUTS ——plgq———-—— OUTPUTS ge |g OUTPUTS 


7Z93688 enabled disabled enabled 


Fig. 7 Waveforms showing the 3-state enable 
and disable times. 


MSI 


HEX BUFFER/LINE DRIVER; 3-STATE; INVERTING 


FEATURES 


@ Inverting outputs 
@ Output capability: bus driver 
e lcc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT 368 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT368 are hex inverting 
buffer/line drivers with 3-state outputs. 
The 3-state outputs (nY) are controlled 


by the output enable inputs (10E, 20E). 


A HIGH on nOE causes the outputs to 
assume a high impedance OF F-state. 


The “368” is identical to the ‘367’ but 
has inverting outputs. 


7293675 


Fig. 1 Pin configuration. 


i‘. TYPICAL =} 
SYMBOL PARAMETER CONDITIONS UNIT 
CT 
eee: Oe ere 
tpH_/ propagation delay = 15 pF 
tpLH nA to nY ae 5V 
—- 
C| input capacitance 
ee See ee 
Se eee 

power dissipation 

CPD |__ capacitance per buffer notes 1 and og 20 


GND = OV; Tamb = 25 OC; ty = tf = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + = (CL x Vcc? x fo) where: 


output load capacitance in pF 
supply voltage in V 


fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
2 (Cy x Vcc’ x fg) = sum of outputs 

2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is V} = GND to Vcc — 1.5 V 


od 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT368P: 16-lead DIL; plastic (SOT-382Z). 
PC74HC/HCT368T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


PIN NO. | syMBoL | ame AND FUNCTION 


1,15 10E, 20E output enable inputs (active LOW) 
a eel AAROA data inputs 

ae 79,11, | av to 6Y data outputs 

3 GND ground (0 V) 


positive supply voltage 


16 Vee 


7Z93686 7293679 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 


ARAN OMT ft NE 
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PC74HC/HCT368 


561 


PC74HC/HCT368 
MSI 


FUNCTION TABLE 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OF F-state 


7Z93687 


Fig. 4 Functional diagram. 


ONE BUFFER/LINE DRIVER 


SIX IDENTICAL CIRCUITS 7293854 


Fig. 5 Logic diagram. 
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PC74HC/HCT368 
MSI 


Hex buffer/line driver; 3-state; inverting 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter "HCMOS family characteristics’, section ‘Family specifications”. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND = 0 V; t, = tt = 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 2 
74HC 


SYMBOL | PARAMETER UNIT) Vcc | WAVEFORMS 
—40 to +85 | —40 to +125 
| min. max. | min. | max. 
. 120 145 
propagation delay 24 29 ns 
nA to nY 20 ie 
‘ 190 225 
‘3-state output enable time 38 45 ns 
nOE tonyY 33 38 
. 90 225 
3-state output disable time . 45 ns 
nOE to nY 33 38 
75 90 
output transition time 15 18 ns 
13 15 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘’HCMOS family characteristics’, section ‘’Family specifications”. 


Output capability: bus driver 
Icc category: MSI! 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 
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PC74HC/HCT368 
MS! 


AC CHARACTERISTICS FOR 74HCT 
GND =O V; t; = t¢ = 6 ns; CL = 50 pF 
Tamb (°C) TEST CONDITIONS 


74HCT 
SYMBOL | PARAMETER UNIT} Vcc | WAVEFORMS 
—40 to +125 
propagation delay 
3-state output enable time 
Sustats output disable time 
output transition time 5 | 12 ree 


has, 
AC WAVEFORMS 


nA INPUT 


OUTPUT 
LOW - to- OFF 
OFF -to- LOW 


nY OUTPUT 


OUTPUT 
HIGH-to-OFF 


ad OFF -to-HIGH 


outputs —ple outputs —__»|«— outputs 
7293688 enabled disabled enabled 


Fig. 7 Waveforms showing the 3-state enable 
and disable times. 


Fig. 6 Waveforms showing the input (nA) 
to output (nY) propagation delays and 
the output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; V) = GND to Vcc. 
HCT: Vy =1.3V; V}=GND to3V. 


PC74HC/HCT373 
MSI 


OCTAL D-TYPE TRANSPARENT LATCH; 3-STATE 


FEATURES 


@ 3-state non-inverting outputs for 
bus oriented applications 

@ Common 3-state output enable 
input 

@ Functionally identical to the ‘563’, 
"573" and “°533”’ 

@® Output capability: bus driver 

@ Icc category: MSI 


GENERAL DESCRIPTION 

The 74HC/HCT373 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT373 are octal D-type 
transparent latches featuring separate 
D-type inputs for each latch and 3-state 
outputs for bus oriented applications. 

A latch enable (LE) input and an output 
enable (OE) input are common to all 
latches. 


The “373” consists of eight D-type 
transparent latches with 3-state true 
outputs. When LE is HIGH, data at the 
Dy inputs enter the latches. In this 
condition the latches are transparent, 
i.e. a latch output will change state each 
time its corresponding D-input changes. 


When LE is LOW the latches store the 
information that was present at the 
D-inputs a set-up time preceding the 
HIGH-to-LOW transition of LE. 
When OE is LOW, the contents of the 
8 latches are available at the outputs. 
When OE is HIGH, the outputs go to 
the high impedance OF F-state. 
Operation of the OE input does not 
affect the state of the latches. 

The ‘373’ is functionally identical to 
the 533”, “563” and “573”, but the 
“563” and “533” have inverted outputs 
and the “563” and “573” have a 
different pin arrangement. 


7293250 


Fig. 1 Pin configuration. 


TYPICAL 
SYMBOL PARAMETER CONDITIONS rHe | UNIT 
c 


c 
propagation delay 
PHL! D, to Op, 12 | 14 
PLH LE toa 15 | 13 
a ae an EIS oe 
Cpp power dissipation notes1and2 | 45 | 41 | pF 


capacitance per latch 
GND = 0 V; Tamb = 25 °C; ty = t¢ = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL. x VCC? x fo) where: 
fj = input frequency in MHz CL = 
fo = output frequency in MHz Vcc = 
Z (Cy x Vcc? x fy) = sum of outputs 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT373P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT373T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION 


NAME AND FUNCTION 


1 OE 3-state output enable input (active LOW) 
2,5, 6, 9, 12, ; 

15, 16.19 3-state latch outputs 

3,4, 7, 8, 13, . 

14, 17, 18 data inputs 

10 ground (0 V) 

11 latch enable input (active HIGH) 


20 positive supply voltage 


7293251 


Logic symbol. 
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565 


PC74HC/HCT373 


566 


MSI 


7290987 


7293253 


Fig. 4 Functional diagram. 


Fig. 5 Logic diagram (one latch). 


FUNCTION TABLE 


INPUTS 


OUTPUTS 
Qo to Q7 
L 


INTERNAL 


OPERATING MODES LATCHES 


enable and read 
register 
(transparent mode) 


tect H = HIGH voltage level 
latch and read h = HIGH voltage level one set-up time prior to the 
register H!IGH-to-LOW LE transition 
enna! L = LOW voltage level 
latch register and | = LOW voltage level one set-up time prior to the 
disable outputs HIGH-to-LOW LE transition 
eae Z = high impedance OF F-state 


Q Q 
7293255 i 


Fig. 6 Logic diagram. 
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Octal D-type transparent latch; 3-state 


PC74HC/HCT373 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’’, section ‘‘Family specifications’. 


Output capability: bus driver 
Icc category: MSI] 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; t, = ttf = 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 


UNIT | Vcoc | WAVEFORMS 


SYMBOL | PARAMETER 


—40to+85 | —40 to +125 Vv 
: 190 225 2.0 
tpHL/ propagation delay eae 45 Fig. 7 
tPLH Dn to Qp 6.0 
propagation delay 2.0 
tPLH LE to Q, e a Fides 
: 2.0 
3-state output enable time ine 45 Figo 
OE to Q, 6.0 : 
é . 2.0 
3-state output disable time a 45 FiacS 
OE to Qn 6.0 ; 
t / 2.0 
THL output transition time Fig. 7 
tTLH 
LE pulse width , 
HIGH Fig. 8 
set-up time Fig. 10 
D, to LE oe 
th hold time Fig. 10 


D, to LE 
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PC74HC/HCT373 
MSI! 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ’‘Family specifications’. 


Output capability: bus driver 
lec category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcg per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND =0 V;t, = t¢= 6 ns; CL = 50 pF 


Tamb (°C) TEST CONDITIONS 


74CHT 
SYMBOL ; PARAMETER UNIT | Vcc | WAVEFORMS 
+25 —40to+85 | —40to+125 V 
4.5 


min.; typ. | max. max. max. 

tpH_/ propagation delay 

ar D, to O, 17 | 30 38 45 ns ; 
tpy/ propagation delay 45 
tpi LE toO, 16 | 32 40 48 ns ; 

zu) | Sata outpt ead tine | 

tpZH 3-state output enable time 4 
tPZL OE to OQ, 19 | 32 40 48 ns 5 
tpHz/ 3-state output disable time 45 
Pee OE to O, 18 | 30 38 : 


output transition time 


LE pulse width 
HIGH 


20 

pe time 

Dy to LE 
hold time 
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Octal D-type transparent latch; 3-state PC74HC/HCT373 
MSI 


AC WAVEFORMS 


LE INPUT 


D, INPUT 


n 


Q,, OUTPUT 
Q,, OUTPUT A 


7287876 > ~<tTLH 
7293261 tTHL et le 


Fig. 8 Waveforms showing the latch enable input 
Fig. 7 Waveforms showing the data input (Dy) (LE) pulse width, the latch enable input to output 
to output (Q,) propagation delays and the (Q,) propagation delays and the output transition 
output transition times. times. 


D, INPUT 
OE INPUT 


Q,, OUTPUT 
LOW-to- OFF LE INPUT 


OFF -to- LOW 7287866 


Q,, OUTPUT 
aaeaaee Fig. 10 Waveforms showing the data set-up and 
hold times for D, input to LE input. 
Outputs —pl«g—— outputs —___»|—— outputs 
7293848 enabled disabled enabled Note to Fig. 10 
The shaded areas indicate when the input is 
Fig. 9 Waveforms showing the 3-state enable and permitted to change for predictable output 
disable times. performance. 


Note to AC waveforms 
(1) HC : Vy = 50%; V) = GND to V¢c. 
HCT: Vy = 1.3 V; Vj = GND to 3V. 
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PC74HC/HCT374 
MsI 


570 


OCTAL D-TYPE FLIP-FLOP; POSITIVE EDGE-TRIGGER; 3-STATE 


FEATURES 


@ 3-state inverting outputs for bus 
oriented applications 

© 8-bit positive, edge-triggered 
register 

® Common 3-state output enable input 

@ Independent register and 3-state 
buffer operation 

@ Output capability: bus driver 

® icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT374 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT374 are octal D-type 
flip-flops featuring separate D-type inputs 
for each flip-flop and 3-state outputs for 
bus oriented applications. 

A clock (CP) and an output enable (OE) 
input are common to all flip-flops. 


The 8 flip-flops will store the state of their 
individual D-inputs that meet the set-up 
and hold times requirements on the 
LOW-to-HIGH CP transition. 

When OE is LOW, the contents of the 

8 flip-flops are available at the outputs. 
When OE is HIGH, the outputs go to the 
high impedance OFF-state. Operation of 
the OE input does not affect the state of 
the flip-flops. 

The “374” is functionally identical to the 
"534", but has non-inverting outputs. 
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Fig. 1 Pin configuration. 
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SYMBOL 


tpyt/ propagation delay 
tPLH CP to Q, 


maximum clock frequency 


PARAMETER 


fmax 


Cy input capacitance 


power dissipation 


CPD capacitance per flip-flop 


GND =0 V; Tamp = 25 °C; ty = tf = 6 ns 

Notes 

1. Cpp is used to determine the dynamic power dissipation (Pp in pW): 

Pp =Cpp x Vcc? x fj + = (CL x Vec? x fo) where: 

fj, = input frequency in MHz Cl 
fo = output frequency in MHz VCC 
DX (Cy x Vec? x fg) = sum of outputs 

2. For HC the condition is Vj] = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT374P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT374T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


output load capacitance in pF 
supply voltage in V 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


3-state output enable input (active LOW) 


1 


2,00, 9.1.2; 
15, 16, 19 


3-state flip-flop outputs 


Ve a Do to D7 data inputs 

10 GND ground (0 V) 

11 CP clock input (LOW-to-HIGH, edge-triggered) 
20 Vcc positive supply voltage 


7Z90966 


7Z90967.1 


ig. 2 Logic symbol. Fig. 3 IEC logic symbol. 


PC74HC/HCT374 
MSI 


Octal D-type flip-flop; positive edge-trigger; 3-state 


3- STATE 
OUTPUTS 


7290968 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


H = HIGH voltage level 
INTERNAL h = HIGH voltage level one set-up time 
FLIP—FLOPS prior to the LOW-to-HIGH CP transition 


INPUTS 
OPERATING MODES 


L = LOW voltage level 
| = LOW voltage level one set-up time 
prior to the LOW-to-HIGH CP transition 


load and read 
register 


load register and 
disable outputs 


Z = high impedance OF F-state 
t = LOW-to-HIGH CP transition 


V / VW, WW, W/, Y WW, 
eo O O O O OO) @ 
bi <0 D a dD a dD a Da Da dD a Be 0 
cP cP cP cP cp of cP cP cP 
FF FF FF | FF FF | FF FF FF 
1 2 3 4 5 6 7 8 
; : aa ar a a 
dE —{>0 
\/ \/ \/ \/ \/ M7 \7, \/ 
Qo Q, Q4 Q3 Q4 Os Q Qy 


7290969 


Fig. 5 Logic diagram. 
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PC74HC/HCT374 


572 


MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0 V; ty = tf =6 ns; CL. = 50 pF 


Tamb (°C) 


TEST CONDITIONS 


WAVEFORMS 
V 


74HC 


UNIT 


SYMBOL | PARAMETER 


propagation delay 270 2.0 
CP to 0 54 4.5 
i 46 6.0 

3-state output enable time 225 2.0 
OE toa 45 4.5 
i 38 6.0 


3-state output disable time 
OE toQ, 


225 2.0 
4.5 
6.0 


wht 
oo 


90 2.0 

output transition time 18 4.5 
15 6.0 

clock pulse width ri 
HIGH or LOW 6.0 
set-up time ri 
Dp, to CP 6.0 
hold time ae 
Dr to CP 6.0 
2.0 
maximum clock pulse 20 MHz 4.5 
frequency 24 6.0 
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PC74HC/HCT374 
MSI 


Octal D-type flip-flop; positive edge-trigger; 3-state 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘’Family specifications’’. 


Output capability: bus driver 
loc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications. 
To determine Alcc¢ per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 


coefficient 


1.25 
0.90 
0.35 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; t, = tp = 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
25 ~40 to +85 | -40 to +125 V 


‘ 
> > 
on oO 


propagation delay 45 
CP toQ, : 


3-state output enable time 
OE to Q, 

3-state output disable time 
OE toQ, 

output transition time 


clock pulse width 


ig. 7 


—_ - 
< 


To] 


7 nN 
Oo 


mn 
Ta) 
oO) 


> > 
Oo on 


HIGH or LOW , 
set-up time 
hold time 

Dy, to CP 


maximum clock pulse . 
frequency . 


oe 
ee 


NO — 

oO) NO 
l ~ o 
(oe) 


a a 
a) S 
oO) co 
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PC74HC/HCT374 
MSI 


AC WAVEFORMS 


OE INPUT 


CP INPUT 


Q,, OUTPUT 
LOW-to- OFF 
OFF -to- LOW 


Q,, OUTPUT 


Q, OUTPUT 
HIGH - to-OFF 


7Z87479.1 we! te TTHL 
OFF -to- HIGH 


outputs — le. outputs ____»|.— outputs 
7Z93848 enabled disabled enabled 


Fig. 6 Waveforms showing the clock (CP) to 
output (Q,,) propagation delays, the clock pulse 
width, output transition times and the maximum 
clock pulse frequency. 


Fig. 7 Waveforms showing the 3-state enable and 
disable times. 


CP INPUT 
Dn Fig. 8 Waveforms showing the data set-up and 
INPUTS : . 
hold times for D, input. 
Note to Fig. 8 
Q,, OUTPUT Vay (1) The shaded areas indicate when the input is 


permitted to change for predictable output 


7287480.F performance. 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3 V; Vy = GND to 3V. 
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PC74HC/HCT377 
MSI 


OCTAL D-TYPE FLIP-FLOP WITH DATA ENABLE; POSITIVE-EDGE TRIGGER 


FEATURES 


@ ideal for addressable register 
applications 

@ Data enable for address and data 
synchronization applications 

@ Eight positive-edge triggered D-type 
flip-flops 

@ See “273” for master reset version 

®@ See ’’373” for transparent latch 
version 

@ See “374” for 3-state version 

@ Output capability: standard 

@ Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT377 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL(LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT377 have eight edge- 
triggered, D-type flip-flops with individual 
D inputs and O outputs. 

A common clock (CP) input loads all 
flip-flops simultaneously when the data 
enable (E) is LOW. 

The state of each D input, one set-up time 
before the LOW-to-HIGH clock transition, 
is transferred to the corresponding output 
(Qn) of the flip-flop. 


The E input must be stable only one 
set-up time prior to the LOW-to-HIGH 
transition for predictable operation. 


7293107 


Fig. 1 Pin configuration. 


SYMBOL 


PARAMETER 


propagation delay 
CP to Q, C, = 15 pF 
ares Vec=5V 
maximum clock frequency 
, ‘anil 
input capacitance 
zi 


power dissipation 


GND = 0 V; Tamb = 25 °C; ty = tp = 6 ns 


Notes 


capacitance per flip-flop | 


notes 1 and 2 


1. CPD is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x Vcc? x fo) where: 


fj = input frequency in MHz CL = 
fo = output frequency in MHz Vcc = 
x (Cy x Vec? x fo) = sum of outputs 

2. For HC the condition is Vj = GND to Vcc 


For HCT the condition is Vy = 


output load capacitance in pF 
supply voltage in V 


GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT377P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT377T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION 
SYMBOL 


NAME AND FUNCTION 


1 data enable input (active LOW) 


2,5, 6,9, 12, 
15, 16, 19 


3, 4, 7, 8, 13, 
14,17, 18 


data inputs 


10 ground (0 V) 
11 clock input (LOW-to-HIGH, edge-triggered) 
20 positive supply voltage 


flip-flop outputs 


7293108 


ig. 2 Logic symbol. 


7293109 


. 3 LEC logic symbol. 
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PC74HC/HCT377 
MSI 


7293110 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


retefal oe 


hold (do nothing) > ae 


OPERATING 
MODES 


H = HIGH voltage level 
h = HIGH voltage level one set-up time 
prior to the LOW-to-HIGH CP transition 
L = LOW voltage level 
| = LOW voltage level one set-up time 
prior to the LOW-to-HIGH CP transition 
t = LOW-to-HIGH CP transition 
X = don’t care 


=> 


> 


cP - 


Qg Q, Q, Q3 Q4 Os Og Qy 
7293112 


Fig. 5 Logic diagram. 
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PC74HC/HCT377 
MSI 


Octal D-type flip-flop with data enable; positive-edge trigger 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0 V;t, = tf =6ns; Cy = 50 pF 


SYMBOL | PARAMETER 


tpHL/ propagation delay 
tPLH CP to Qn 


tTHL/ fate 
output transition time 


TEST CONDITIONS 


WAVEFORMS 
Fig. 6 
6.0 


-40 to +125 


Vcc 


Fig. 6 
clock pulse width Fj 
HIGH or LOW ae 
set-up time ig. 7 
set-up time ; 
hold time : 
t hold time 
h E to CP 


maximum clock pulse 
frequency 


fmax 
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PC74HC/HCT377 
MsI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alac) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 


‘Aout unit load 
mp coefficient 


E 1.50 
cP 0.50 
Dn 0.20 


AC CHARACTERISTICS FOR 74HCT 
GND=0 V; ty = t¢ = 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 


SYMBOL | PARAMETER 


propagation delay 
CP to Qy 


set-up time 
E to CP 


t hold time 
h Dn to CP 
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Octal D-type flip-flop with data enable; positive-edge trigger 


AC WAVEFORMS 


CP INPUT 


Q, OUTPUT 


7287479.1 wel le tTHL 


Fig. 6 Waveforms showing the clock (CP) to 
output (Q,,) propagation delays, the clock pulse 
width, output transition times and the maximum 
clock pulse frequency. 


Note to AC waveforms 
(1) HC : Vy = 50%; V| = GND to Vcc. 
HCT: Vy =1.3V; Vi= GND to 3V. 


MSI 


tye su ——> 
thi | thle 


tsu 
el <— tw — 


CP INPUT 


7Z93111.1 


Fig. 7 Waveforms showing the data set-up and 
hold times from the data input (Dj) and from 
the data enable input (E) to the clock (CP). 


Note to Fig. 7 


The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 
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PC74HC/HCT390 
MSI 


DUAL DECADE RIPPLE COUNTER 


FEATURES 


@ Two BCD decade or bi-quinary 
counters 

@ One package can be configured 
to divide-by-2, 4,5, 10, 20, 25, 
50 or 100 

@ Two master reset inputs to clear 
each decade counter individually 

@® Output capability: standard 

® icc category: MS! 


GENERAL DESCRIPTION 


The 74HC/HCT390 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT390 are dual 4-bit 

decade ripple counters divided into four 
separately clocked sections. The counters 
have two divide-by-2 sections and two 
divide-by-5 sections. These sections are 
normally used in a BCD decade or 
bi-quinary configuration, since they share 
a common master reset input (nMR). 

If the two master reset inputs (1MR and 
2MR) are used to simultaneously clear 
all 8 bits of the counter, a number of 
counting configurations are possible 
within one package. The separate clocks 
(nCPo and nCP}) of each section allow 
ripple counter or frequency division 
applications of divide-by-2, 4, 5, 10, 20, 
25, 50 or 100. 


(continued on next page) 


7293775 


Fig. 1 Pin configuration. 


TYPICAL 


SYMBOL PARAMETER CONDITIONS 


propagation delay 
nCPg to nQg 
nCP1 tonQ, 
nCP 1 to nOz 
nCP 1 to nQZ 

nMR to Q, 


maximum clock frequency 
nCPg, nCP 4 


Pett a [ome [| [or 
capacitance per counter 


GND =0V; Tamb = 25 °C; ty = t¢ = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x VCC? x fo) where: 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
x (Cy x Vec? x fg) = sum of outputs 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT390P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT390T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


1,15 —-O}NCPg  * 


7Z93776.1 


7293777 


Fig. 2 Logic symbol. 


Fig. 3 IEC logic symbol. 
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GENERAL DESCRIPTION (Cont'd.) 


Each section is triggered by the HiGH-to- 
LOW transition of the clock inputs 
(nCPo and nCP}). 
For BCD decade operation, the nQg 

£2 output is connected to the nCP, input of 
COUNTER the divide-by-5 section. For bi-quinary 
decade operation, the nQ3 output is 
connected to the nCPg input and nOg 
becomes the decade output. 

+5 nay 
COSTER 7,9 The master reset inputs (IMR and 2MR) 
are active HIGH asynchronous inputs to 
each decade counter which operates on 
the portion of the counter identified by 
the ‘1’ and “2” prefixes in the pin 
configuration. A HIGH level on the nMR 
input overrides the clocks and sets the 
four outputs LOW. 


7Z93778 


Fig. 4 Functional diagram. 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


1CPo, 2CPo clock input divide-by-2 section (HIGH-to-LOW, 
edge-triggered) 


1MR, 2MR asynchronous master reset inputs (active HIGH) 
1Q9 to 103 flip-flop outputs 


1CP4, 2CP 4 clock input divide-by-5 section (H!IGH-to-LOW, 
edge triggered) 


GND ground (0 V) 
13, 11, 10, 9 2Qg to 203 flip-flop outputs 
16 Vcc positive supply voltage 


BCD COUNT SEQUENCE FOR BI-QUINARY COUNT SEQUENCE 
1/2 THE “390” FOR 1/2 THE 390” . 


OUTPUTS OUTPUTS 


O 
—) 
Ls 


OOnNMoOPWNH- OO 
DBrearirerrtroirir § 
rrrcEerer tare 
rmereaerrrecree Te 
pa es ele ae le ace i an Pa 
COON OoORWN— CO 
Tee eee eT et 
rmrmrmrrmrerrircrcier 
mae ns sa aaa ae Pe eo 
i ee DO 


Note 


Output Qg connected to nCPy with 
counter input on nCPo. 


Note 


Output Q3 connected to nCPg with 
counter input on nCP4. 


H = HIGH voltage level 
L = LOW voltage level 
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Dual decade ripple counter 


CPo 


Fig. & Logic diagram 


bey (one counter). 
CP, 
MR 


7293/79 
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DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0V;t, =tp=6ns; Cy = 50 pF 


TEST CONDITIONS 


WAVEFORMS 


Tamb (°C) 
74HC 


SYMBOL | PARAMETER UNIT | Vcc 


+25 —40 to +85 | —40 to +125 


propagation delay 
nCPo to nOg 


Fig. 6 


2.0 
4.5 
6.0 


propagation delay 
nCP, tonQ4 


NO = 
oO o1 
o 
WW — 
WO oO 
oO 


—_— i —_ — (1 NO NO SJ — — (J) -——— BD z 
on | AwWO;/ NYOYNB1LBRWO] ANN | 

NN => 

oo pL 

oO 

WW > 

— & © 

oO 


tpHL/ propagation delay 210 265 oe ae ie; 
ap 42 53 4.5 Fig. 6 
; : 155 195 235 2. 
propagation delay 31 i ye rs Fig. 6 
nCPy tong 26 33 40 6.0 
; 165 205 250 2.0 
propagation delay 33 41 50 45 Fig. 7 
ANB Tosi 15 | 28 35 43 6.0 
19 | 75 95 110 2.0 
output transition time 7 15 19 22 ns 4.5 Fig. 6 
6 13 16 19 6.0 
tw eee BU eevee 18 17. 2. 24 45 | Fig.6 
nCP, nCP 4 14 |6 17 20 
ty master reset pulse width - i Vi a 
ae 14/8 18 22 
. 75 22 95 110 2.0 
13 6 16 19 6.0 
maximum clock pulse 6.0 | 20 4.8 4.0 2.0 
f max frequency 30 | 60 24 20 MHz | 4.5 Fig. 6 
nCPo, nCPy 35 171 28 24 6.0 
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Dual decade ripple counter 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’’. 


Output capability: standard 
lcc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT COEFFICIENT 


nCPo 0.45 
nCP1,nMR 0.60 


AC CHARACTERISTICS FOR 74HCT 
GND =OV;t, = ts =6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
—40 to +85 | —40 to +125 V 
va 


tpHL/ propagation delay oY 
tPLH nCPo to nQg 
tpHL/ propagation delay 29 
tPLH nCP, to nQ4 
tpHL/ propagation delay 30 
tPLH nCP, to nQ9 
tpHL/ propagation delay 22 
tPpLH nCP; to nQ3 
propagation delay 21 
nMR to nQ, 
eva vanion ine || 
clock pulse width 18 
nCPo, nCP 4 
master reset pulse width 17 
nMR 


n 
n 4.5 Fig. 6 


as free 


~ — 


S 
S 
S) 


77 


o1 

™S 
ie 

n 


a) 
n 


ses aN 5 fon) p 
Ze) on oo B 0 


” 


t removal time _ 15 
pal nMR to nCP, 
maximum clock pulse 
fmax frequency 
nCPo, nCP 4 


NO 
No 


NO NO NO 
NO oO ~N 


NO o1 
N & 
5 
n 
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AC WAVEFORMS 


nCP,, INPUT 


nO, OUTPUT 


7293781 


Fig. 6 Waveforms showing the clock (nCP,,) to 
output (nQ,,) propagation delays, the clock pulse width, 


the output transition times and the maximum clock frequency. 


Note to AC waveforms 
(1) HC : Vyy = 50%; Vj = GND to Vcc. 
HCT: Vy =1.3V; Vj = GND to 3V. 
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nMR INPUT 


nCP,, INPUT 


nQ,, OUTPUT 


7Z93780.1 


Fig. 7 Waveforms showing the master reset (nMR) pulse width, 
the master reset to output (nQ,,) propagation delays and 
the master reset to clock (nCP,) removal time. 


PC74HC/HCT393 
MSI 


DUAL 4-BIT BINARY RIPPLE COUNTER 


FEATURES 


® Two 4-bit binary counters with 
individual clocks 

® Divide-by any binary module up to 
28 in one package 

@ Two master resets to clear each 
4-bit counter individually 

@ Output capability: standard 

© Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT393 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT393 are 4-bit binary 
ripple counters with separate clocks 

(1CP and 2 CP) and master reset (1MR 
and 2MR) inputs to each counter. 

The operation of each half of the “393” 
is the same as the “93’’ except no external 
clock connections are required. 

The counters are triggered by a HIGH-to- 
LOW transition of the clock inputs. The 
counter outputs are internally connected 
to provide clock inputs to succeeding 
stages. The outputs of the ripple counter 
do not change synchronously and 

should not be used for high-speed address 
decoding. 


The master resets are active-HIGH 
asynchronous inputs to each 4-bit counter 
identified by the “1” and “2” in the pin 
description. 

A HIGH level on the nMR input overrides 
the clock and sets the outputs LOW. 


7Z93347 


Fig. 1 Pin configuration. 


TYPICAL 
SYMBOL PARAMETER CONDITIONS — 
HC HCT 
a = 
propagation delay 

tpHL/ nCPtonQo — 12 20 
tPLH nQ to nO”+4 Ci = 15 pF 5 6 

nMR to nQ7 Vcc =5V 11 15 
fmax maximum clock frequency 99 53 MHz 
C| input capacitance 3.5 35 pF 


power dissipation : 
SPD capacitance per counter notes 1 and 2 25 


GND = 0 V; Tamb = 25 °C; tr = tp = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + = (CL x Vcc? x fo) where: 
fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
» (Ci x Vec? x fg) = sum of outputs 
2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT393P : 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT393T: 14-lead mini-pack; plastic ({SO-14; SOT-108A). 


PIN DESCRIPTION 


| symBot NAME AND FUNCTION 


1, 13 1CP, 2CP clock inputs (HIGH-to-LOW, edge-triggered) 
2,12 IMR, 2MR asynchronous master reset inputs (active HIGH) 


3, 4, 5, 6, 10g to 103, 
11, 10, 9, 8 209 to 203 
7 GND ground (0 V) 

14 Vcc positive supply voltage 


flip-flop outputs 


7293348 7293349 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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COUNT SEQUENCE FOR 1 COUNTER 


OUTPUTS . 


L L 


EPL PE Pert 


ra 


Lif 
rn ee ee 


BINARY 
RIPPLE 
COUNTER 


HEH 


7293352 


Teas i eae oe 
2 Begs ge Dee rn ee oe 


0 
1 
2 
3 
4 
5 
6 
7 


<irir 
ee 


7293350 


Fig. 4 Functional diagram. Fig. 5 State diagram. 


el des Lr 
Li i Li 
x a a C.F 
iTrtit itis 


H = HIGH voltage !evel 
L = LOW voltage level 


7Z93351.1 


Fig. 6 Logic diagram (one counter). 
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Dual 4-bit binary ripple counter PC74HC/HCT393 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘“HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Ice category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0OV;t-=t¢ =6ns; Cy = 50 pF 


—40to +85 | —40 to +125 


SYMBOL | PARAMETER 


ven] in| |i [me 
propagation delay a ey a 
nCP to nOo 12 | 21 26 
propagation delay _ Me a 
nQn to nQOn+14 4 8 9 
propagation delay 39 ~ ne 
nMR to nOy i 24 30 
19 | 75 95 
tH L/ output transition time 7 15 19 
TLH 6 13 16 
. 80 | 17 100 120 
clock pulse width 
aenar EP 8) 
;: master reset pulse re - aa 
W width; HIGH 14/6 17 20 
removal time. A 2 : 
trem nMR to nCP 5 5 5 
F maximum clock pulse a a an MHz - Fig. 7 
max frequency 35 107 28 24 6.0 , 
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DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
‘lec category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND=OV;t,=t¢ =6ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 


74HCT 
‘SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 | —40 to +125 V 
min ve 
propagation delay 
tPLH nCP to nOg 24 | 32 ne 
dee tae SD! CREE ee Reamer we | ee 
propagation delay 
nQpy to nNOA+4 6 V2 tS 
Saeeereteens. ean aes 


propagation delay 


nMR to nQ, 

Serer ere ae = 
tTHL/ output transition time 
tTLH 
‘ clock pulse width 

| W HIGH or LOW 
| master reset pulse 


tw width: HIGH 


removal time. 
nMR to nCP 


rnaximum clock pulse 
frequency 
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Dual 4-bit binary ripple counter 


AC WAVEFORMS 


nCP INPUT 


nQ,, OUTPUT 


7293353 


Fig. 7 Waveforms showing the clock (nCP) to 
output (10, 20,) propagation delays, the clock 
pulse width, the output transition times and the 
maximum clock frequency. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vj = GND to Vec. 
HCT: Vy =1.3V; Vj =GND to3V. 


PC74HC/HCT393 
MSI 


nMR INPUT 


nCP INPUT 


= SPRL 


nQ,, OUTPUT Vay (1) 


7293354 


Fig. 8 Waveforms showing the master reset (NMR) 
pulse width, the master reset to output (Q,) 
propagation delays and the master reset to clock 
(nCP) removal time. 
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DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATOR WITH RESET 


FEATURES 


® QC triggered from active HIGH or SYMBOL PARAMETER CONDITIONS 
active LOW inputs 
® Retriggerable for very long pulses 


up to 100% duty factor propagation delay 


® Direct reset terminates output pulse a We hae 

® Schmitt-trigger action on all inputs nRp to nQ, nO 
except for the reset input 

® Output capability: standard (except input capacitance 


for nR Ex7/C ExT) 


® Icc category: MSI minimum output pulse 


width nQ, nO 
The 74HC/HCT423 are high-speed ORDERING INFORMATION/PACKAGE OUTLINES 
Si-gate CMOS devices and are pin 
compatible with low power Schottky PC74HC/HCT423P: 16-lead DIL; plastic (SOT-38Z). 
TTL (LSTTL). They are specified in PC74HC/HCT423T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


compliance with JEDEC standard no. 7. 
The 74HC/HCT423 are dual 


retriggerable monostable multivibrators PIN DESCRIPTION 
with output pulse width control by 
two methods. The basic pulse time is NAME AND FUNCTION 
programmed by selection of an external _ 
eet 2 Eas oe ICEXT). 1A, 2A trigger inputs (negative-edge triggered) 

al resistor and capacitor are ; oO " 
normally connected as shown in Fig. 6. 1B, 2B 7 trigger inputs (positive-edge triggered) 
Once triggered, the basic output pulse TRp, 2Rp direct reset action (active LOW) 
width may be extended by retriggerin 10, 20 outputs (active LOW) 

g 


nk Cee en 2ReExtT/CExT external resistor/capacitor connection 
(nB). By repeating this process, the GND ground (0 V} 

output pulse periode (nQ = HIGH, 10, 20 outputs (active HIGH) 

nQ. = LOW) can be made as long as 
desired. When nRp is LOW, it forces the 
nQ output LOW, the nO output HIGH 
and also inhibits the triggering. Vee positive supply voltage 


1CeExT, 2CExT | external capacitor connection 
TRExT/CEXT external resistor/capacitor connection 


{continued on next page} 


PSE k V 
1A 116] Yoo 'CexT 14 
i 2 6 
1B TReyt/Cext if ie 
ee EXT/CExT 15 
ARS 1CexT 2Rexz/ Cee 


2Rext/Cext | 7 | 


GND | 8 | } 9] 2A R 7293295 


7293294 7293296 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. ig. 3 IEC logic symbol. 
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7293297 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


594 
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GENERAL DESCRIPTION (Cont'd) 


Figures 7 and 8 illustrate pulse control 

by reset. The basic output pulse width is 
essentially determined by the values of 

the external timing components RexT 

and Cex. 

For pulse widths, when Cex < 10 000 pF, 
see Fig. 9. 

When CexT > 10 000 pF, the typical 
Output pulse width is defined as: 


tw = 0.45 x RexT x CexT (typ.), 

where, ty = pulse width in ns; 
REXT = external resistor in kQ; 
CeExXT = external capacitor in pF. 


Schmitt-trigger action in the nA and nB 
inputs, makes the circuit highly tolerant to 
slower input rise and fall times. 


= HIGH voltage level 

= LOW voltage level 

= don’t care 

= LOW-to-HIGH transition 

= HIGH-to-LOW transition 
one HIGH level output pulse 
= one LOW level output pulse 


qa ers 


Dual retriggerable monostable multivibrator with reset 


PC74HC/HCT423 
MSI 


Rext/Cext 
1 
Vec Cexy! 


7293298 
GND 
(1) It is recommended to ground pins 6 (2CEy7T) 
and 14 (1CExT) externally to pin 8 (GND). 
Fig. 5 Logic diagram. 


7293290 


T CExT 


tonCeyy tonReyx /Cexy 
(pin 14 or 6) 


(pin 15 or 7) 


Fig. 6 Timing component connections. 
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DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’’, section “Family specifications”’. 


Oytput capability: standard (except for nReyx7/CexT) 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND = 0 V; t, = t¢ = 6 ns; Cy. = 50 pF 


SYMBOL 


PARAMETER 


propagation delay 
nA, nB to nQ, nO 


propagation delay 
nRp to nQ, nO 


output transition time 


trigger pulse width 
nA = LOW 


trigger pulse width 
nB = HIGH 


reset pulse width 
nRp = LOW 


output pulse width 
nQ = HIGH 
nQ = LOW 


output pulse width 


nQ = HIGH 
nQ = LOW 


retrigger time 
nA, nB 


external timing resistor 


external timing capacitor 


January 1986 


Ono lon=/owno 
co co co 


On~—= |] =m il Nwo ! + 
oOoloBD | BO = 


“SJ 
oO. 


Tamb (°C) 


NO 
ao 
ol 


om Ww 
ee i 
© 


Oo 
on 


o 
oO 


CO sets 


TEST CONDITIONS 


Vcc | WAVEFORMS/NOTES 


CEXT = 100nF; 
RexT = 10 kQ; 
Figs 7 and 8 


Rexty =5 kQ; 
note 1; Figs 7 and 8 
CexT = OPF; 


RexT = 5 kQ; 
note 2; Fig.8 | 


Fig. 9; note 3 


PC74HC/HCT423 
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Dual retriggerable monostable multivibrator with reset 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 


Output capability: standard (except for nNRExT/CExT) 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT | COEFFICIENT 
0.35 
0.35 


AC CHARACTERISTICS FOR 74HCT 


3°53 
Zl >! 
OL 

w 


GND = OV; ty, = tf = 6 ns; CL = 50 pF 


74HCT 
PARAMETER 
BR —40 to +85 | —40to +125 


tpHL/ propagation delay 
tPLH nA, nB to nQ, nQ 
tpHt/ propagation delay 
tPLH nRp tonQ, nO 
tTHL/ output transition time 
'TLH 
trigger pulse width 
nA = LOW ae = 
EE 


trigger pulse width 
nB = HIGH 


TEST CONDITIONS 


WAVEFORMS/NOTES 
Vv 


SYMBOL UNIT 


Ww 
© 


NO ~“ 


o o Oo = > - 
ro) oo) o on on 


ron) 


NO 
o1 


NO No 


reset pulse width 
nRp = LOW 


output pulse width 
nQ = HIGH 
nQ = LOW 


Cext = 100nF; 
RextT = 10 kQ; 
Figs 7 and 8 


NO 
Oo 


CexT =O pF; 
Rext =5 kQ; 
note 1; Figs 7 and 8 


output pulse width 
nQ = HIGH 
nQ = LOW 


N 


~J ww ~ NO [e) ips 
ron) ro) 


5 


= F: 
retrigger time = - : co. 
nA, nB note 2; Fig. 8 


NS 
ao 
(o>) _ 
x 
<<) 


Fig 9; note 3 


ome external timing resistor 


CexT | external timing capacitor | | external timing capacitor | capacitor no limits 
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Notes to AC characteristics 


1. For other Rex7 and Cex combinations see Fig. 9. 
If CExy7 > 10 nF, the next formula is valid: 
tw =K x Rex7y x CextT (typ.) 


where, ty = output pulse width in ns; 
REXT = external resistor in kQ ; Cex = external capacitor in pF; 
K = constant = 0.45 for Vcc = 5.0 V and 0.48 for Vcc = 2.0 V. 


The inherent test jig and pin capacitance at pins 15 and 7 (nReExT/CEx7T) is approximately 7 pF. 


2. The time to retrigger the monostable multivibrator depends on the values of Rey-y and Cexy. 
The output pulse width will only be extended when the time between the active-going edges of the 
trigger input pulses meets the minimum retrigger time. 
If CexT > 10 nF, the next formula (at Voc = 5.0 V) for the set-up time of a retrigger pulse is valid: 
trt = 35 + (0.11 x Cex) + (0.04 x Rexy x Cex) (typ.) 


where, trt = retrigger time in ns; 
CexXT = external capacitor in pF; 
RexT = external resistor in kQ. 


The inherent test jig and pin capacitance at pins 15 and 7 (nRext/CExT) is approximately 7 pF. 


3. When the device is powered-up, initiate the device via a reset pulse, when Cey 7 < 50 pF. 
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Dual retriggerable monostable multivibrator with reset 


AC WAVEFORMS 


nB INPUT 


nRp INPUT 1 | 


| ty lg 


=< 
nQ OUTPUT | | i | | 


<_<. | 


nB INPUT { | f 


nA INPUT 


a tale 


nQ OUTPUT 


7293293 
ae “F3 2 
eet 


Fig. 9 Typical output pulse width as a function of the external 
capacitor values at Vcc = 5.0 V and Tamp = 25 °C. 
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OCTAL D-TYPE TRANSPARENT LATCH; 3-STATE; INVERTING 


FEATURES 


@ 3-state inverting outputs for 
bus oriented applications 
® Common 3-state output enable input 
@ Output capability: bus driver 
@ Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT533 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT533 are octal D-type 
transparent latches f eaturing separate 
D-type inputs for each latch and 3-state 
outputs for bus oriented applications. 

_ A latch enable (LE) input and an output 
enable (OE) input are common to all 
latches. 


The “533” consists of eight D-type 
transparent latches with 3-state inverting 
outputs. When LE is HIGH, data at the 
Dy, inputs enter the latches. In this 
condition the latches are transparent, i.e. 
a latch output will change state each time 
its corresponding D-input changes. 


When LE is LOW the latches store the 
information that was present at the 
D-inputs a set-up time preceding the 
HIGH-to-LOW transition of LE. 

When OE is LOW, the contents of the 

8 latches are available at the outputs. 
When OE is HIGH, the outputs go to the 
high impedance OFF-state. Operation of 
the OE input does not affect the state of 
the latches. 


’ The 533” is functionally identical to the 
"373", “563” and “573”, but the ’373” 
and “‘573” have non-inverted outputs and 
the “563” and “573” have a different pin 
arrangement. 


7Z90985 


Fig. 1 Pin configuration. 


TYPICAL 
pve | wer 


SYMBOL 


PARAMETER CONDITIONS UNIT 


propagation delay 
Dp to Qn 
LE to Q, 


tPHL/ 
'PLH 


power dissipation 


GND = 0 V; Tamb = 25 °C; ty = te = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + © (CL x Vcc? x fg) where: 
fj; = input frequency in MHz CL = output load capacitance in pF 


fo = output frequency in MHz VCC = supply voltage in V 
2 (Ci x Vcc? x fg) = sum of outputs 
2. ForHC_ the condition is Vj = GND to Vcc 


For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT533P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT533T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION 


/PINNO. SYMBOL NAME AND FUNCTION 


1 3-state output enable input (active LOW) 
2,5, 6,9, 12, 
15, 16, 19 

3, 4, 7, 8, 13, 
14,17, 18 
10 ground (0 V) 

11 latch enable input (active HIGH) 
20 positive supply voltage 


3-state latch outputs 


data inputs 


7290983 
7Z90984.1 


Fig. 2. Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT533 
MSI 


7290987 
7290986 


Fig. 4 Functional diagram. Fig. 5 Logic diagram (one latch). 


FUNCTION TABLE 


INPUTS OUTPUTS 


dg to Q7 
H 


INTERNAL 


OPERATING MODES LATCHES 


Oe] Le 
H = HIGH voltage level 
enaule aneieae L i ? L h = HIGH voltage level one set-up time 
redieter d L prior to the LOW-to-HIGH LE transition 
(transparent mode) or the HIGH-to-LOW OE transition 
L = LOW voltage level 
latch and read L : h | = LOW voltage level one set-up time 
seers E prior to the LOW-to-HIGH LE transition 
-to- E transition 
latch register and H | X |X X= els Ait Be EON Qe teteine 
disable outputs H a ee Z = high impedance OF F-state 


Dy Ds Dg Dj 


VV \/ 


b a D aQ D a D 6a 
LATCH LATCH LATCH LATCH 
5 6 7 8 
LE LE LE LE LE LE LE LE 


7290988 


Fig. 6 Logic diagram. 
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Octal D-type transparent latch; 3-state; inverting 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: bus driver 
Ice category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0 V;t, =t¢=6ns; Cy = 50 pF 


SYMBOL |; PARAMETER 


propagation delay 
Dn to On 


propagation delay 
LE to QO, 


3-state output enable time 
OE to Q, 


3-state output disable time 
OE to Oy 


output transition time 


LE pulse width 
HIGH 


set-up time 
Dy, to LE 


hold time 
Dry to LE 


PC74HC/HCT533 
MSI 
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PC74HC/HCT533 


604 


MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ““HCMOS family characteristics”, section ‘Family specifications”. 


Output capability: bus driver 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alc¢) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT) COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT 


GND = OV; t, = t¢ = 6 ns; Cy = 50 pF 


| Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER |. UNIT WAVEFORMS 
+25 —40 to +85 | —40 to +125 
eee pee 


_ 
tpy/ propagation delay 
tpyy/ tion del ae 
PHL propagation delay 
Sf ae ‘“ | 
5 ig. 
5 
5 
5 
as) 


tpZH/ 3-state output enable time 18 | 35 
tPZL. OE to O, 
tpyz/ 3-state Output disable time 
tpL7 OE to Op, 18 | 30 38 45 ns 4 
Urewares (bee aia NRG GRR 
tTHL/ output transition time 18 ns 4 
STLH | 7 7 
ty s ee width 20 a A 
set-up time =~ 4 
ns 4 


‘su D, to LE 


hold time 
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Octal D-type transparent latch; 3-state; inverting 


AC WAVEFORMS 


D,, INPUT 


Q,, OUTPUT 


7287867 TTHL me 


Fig. 7 Wavetorms showing the data input (Dj) 
to output (O,,) propagation delays and the 
output transition times. 


OE INPUT 


Q,, OUTPUT 
LOW-to-OFF 
OFF -to- LOW 


Q, OUTPUT 
HIGH - to- OFF 
OFF -to- HIGH 


Outputs —pl_q———. outputs _»|<— outputs 
7296101 enabled disabled enabled 


Fig. 9 Waveforms showing the 3-state enable 
and disable times. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vy = GND to Vcc. 
HCT: Vy =1.3V; Vj = GND to 3V. 


PC74HC/HCT533 
MSI 


LE INPUT 


7287868 > « tTHL -» «tTLH 
Fig. 8 Waveforms showing the latch enable input 
(LE) pulse width, the latch enable input to 
output (Q,) propagation delays and the output 


transition times. 


D,, INPUT 


LE INPUT 


7287866 


Fig. 10 Waveforms showing the data set-up and 
hold times for Dy input to LE input. 


Note to Fig. 10 


The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 
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PC74HC/HCT534 
MSI 


OCTAL D-TYPE FLIP-FLOP; POSITIVE EDGE-TRIGGER; 3-STATE; INVERTING 


FEATURES 


® 3-state inverting outputs for bus 
oriented applications 

8-bit positive, edge-triggered register 
Common 3-state output enable input 
Output capability: bus driver 

Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT534 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT534 are octal D-type 
flip-flops featuring separate D-type inputs 
for each flip-flop and inverting 3-state 
outputs for bus oriented applications. _ 
A clock (CP) and an output enable (OE) 
input are common to all flip-flops. The 
534” is functionally identical to the 
“374”, but has inverted outputs. 

The “534” consists of eight flip-flops with 
individual D-type inputs and 3-state 
inverting outputs. The 8 flip-flops will 
store the state of their individual D-inputs 
that meet the set-up and hold times 
requirements on the LOW-to-HIGH CP 
transition. 

When OE is LOW, the contents of the 

8 flip-flops are available at the outputs. 
When OE is HIGH, the outputs go to the 
high impedance OFF-state. Operation of 
the OE input does not affect the state of 
the flip-flops. 


7287461 


Fig. 1 Pin configuration. 
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SYMBOL PARAMETER CONDITIONS 
tpHL/ propagation delay 
tpLH CP to Q, | 
maximum clock frequency 61 
power dissipation F 
Notes 


GND = OV; Tamb = 25°C; ty = te = Ons 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x Vcc’ x fj + © (CL x Vcc’ x fo) where: 
fj input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
Z (Ci x Voc? x fy) = sum of outputs 
2. For HC thecondition is Vj} = GND to VCC 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


sit 
fh ou 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT534P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT534T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION 


PIN NO. SYMBOL 


1 
2, 5, 6, 9, 12, 


NAME AND FUNCTION 


3-state output enable input (active LOW) 


3-state outputs 


15, 16, 19 

3, 4, 7, 8, 13, 

14, 17, 18 data inputs 

10 ground (0 V) 

i clock input (LOW-to-HIGH, edge-triggered) 


20 positive supply voltage 


7287495 


7Z87496.1 


Fig. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 


Octal D-type flip-flop; positive edge-trigger; 3-state; inverting PC74HC/HCT534 
MSI 


7287460.1 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


INPUTS H = HIGH voltage level 
INTERNAL h = HIGH voltage level one set-up time prior to the 
FLIP-FLOPS | 5 iq, | . LOW-to-HIGH CP transition 
L = LOW voltage level 
| = LOW voltage level one set-up time prior to the 
LOW-to-HIGH CP transition 
load register and 
disable outputs Z = high impedance OF F-state 
t = LOW-to-HIGH clock transition 


7287462 


Fig. 5 Logic diagram. 
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PC74HC/HCT534 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’’. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV; t; = t¢= 6 ns; Cy = 50 pF 


TEST CONDITIONS 


SYMBOL | PARAMETER | ae Vcc | WAVEFORMS 
+25 V 


propagation delay 


CP to Op aD 


| 3-state output enable 


= — -=-—- Ss ot 
ONH | Na=/135 


time 
OE to O, 
3-state output disable 41 
time 
OE to O, 12 
; ; 14 
THL output transition time 5 
tTLH 4 
: clock pulse width 2 Ne 
: set-up time ; 
SU Dry to CP 10 |2 
hold time : 2 
h Dn to CP 2 —2 
f maximum clock pulse o = 
max frequency 35 | 66 
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Octal D-type flip-flop; positive edge-trigger; 3-state; inverting 


MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section “Family specifications’’. 


Output capability: bus driver 
IGE category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below, 


unit load 


coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; tp = t¢=6 ns; C, = 50 pF 


TEST CONDITIONS 


SYMBOL | PARAMETER Vcc | WAVEFORMS 


propagation delay 
CP to Oy, 


tPHL/ 
tPLH 


-| 
@ 
3 
ao 
2 

Cc 

= 

=| 


i 
a 
; - 
oO 
mn 
a 
(o>) 


3-state output enable 
time _ 
OE to Q, 


tpZH/ 
tPZL 


fo) 


3-state output disable 
time 
OE to Qy 


tpHz/ 
PLZ 


Ww 
(o) 


WW — wn — 
. ol 
— Ww ow 
pry wo = NO 


45 ns 4.5 Fig. 7 


tTHL/ 
tTLH 


t clock pulse width 
W HIGH or LOW 
t set-up time 

su Dp, to CP 

i hold time 

h Dy, to CP 


maximum clock pulse 
frequency 


output transition time 


= io) W ie) 
o ie) © ie) 


= NO 
etetett tp 

_= > 
Oo ol 

- 

” nm n 
Bay 
oO Oo 
a mE 

e S) 
oO) “ 


2 
© 
©0 


fmax 


w 
n 
: ae = ras = 
o1 o o 
on 
ad ‘ ‘ 
co 


N 
si 
=< 
a. 

N 
B 
o 
au 
© 
o 
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PC74HC/HCT534 


609 


PC74HC/HCT534 
MSI 


AC WAVEFORMS 


OE INPUT 


CP INPUT 
Q, OUTPUT 

LOW-to-OFF 

OFF -to- LOW 


Q, OUTPUT i 
Q, OUTPUT 
HIGH - to- OFF 


7287479.1P et lee TTHL OFF -to-HIGH 


OUTPUTS ——plq——. Outputs ——_»|q—- outputs 
7296101 enabled disabled: enabled 


Fig. 6 Waveforms showing the clock (CP) to 

output (Q,) propagation delays, the clock pulse 

width, output transition times and the maximum Fig. 7 Waveforms showing the 3-state enable and 
clock pulse frequency. disable times. 


CP INPUT 


Fig. 8 Waveforms showing the data set-up and 
hold times for Dy, input. 


Note to Fig. 8 


The shaded areas indicate when the input is 
permitted to change for predictable output 


7287480.P performance. 


Note to AC waveforms 
(1) HC : Vij = 50%; V\ = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 
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DEVELOPMENT DATA 


This data sheet contains advance information and PC74HC/HCT540 


specifications are subject to change without notice. 


MSI 


OCTAL BUFFER/LINE DRIVER; 3-STATE; INVERTING 


FEATURES 


® Inverting outputs 
@ Output capability: bus driver 
® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT540 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT540 are octal inverting 
buffer/line drivers with 3-state outputs. 
The 3-state outputs are controlled by the 
output enable inputs OE, and OE>. 

A HIGH on OE, causes the outputs to 
assume a high impedance OF F-state. 


The ‘’540” is identical to the “541” but 
has inverting outputs. 


FUNCTION TABLE 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OF F-state 


Fig. 1 Pin configuration. 


SYMBOL PARAMETER 


propagation delay 
An to Yn 


input capacitance 


GND = 0 V; Tamb = 25 °C; t, = te = 6 ns 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT540P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT540T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


output enable input (active LOW) 


data inputs 


ground (0 V) 


18, 17, 16, 15, 
14, 13, 12, 11 


20 positive supply voltage 


bus outputs 
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PC74HC/HCT541 
MSI 


DEVELOPMENT DATA. 


This data sheet contains advance information and 


specifications are subject to change without notice. 


OCTAL BUFFER/LINE DRIVER; 3-STATE 


FEATURES 


® Non-inverting outputs 
@ Output capability: bus driver 
© Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT541 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT541 are octal non- 
inverting buffer/line drivers with 3-state 
outputs. The 3-state outputs are 
controlled by the output enable inputs 
OE, and OE2. 

A HIGH on OE, causes the outputs to 
assume a high impedance OF F-state. 
The ‘541”’ is identical to the “540” but 
has non-inverting outputs. 


FUNCTION TABLE 


INPUTS 


OUTPUT 


H = HIGH voitage level 

L = LOW voltage level 

X = don't care 

Z = high impedance OFF-state 


Fig. 1 Pin configuration. 
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SYMBOL PARAMETER 


propagation delay 
An to Yn 


CONDITIONS 


TYPICAL 


input capacitance 


GND =0 V; Tamb = 25 °C; ty = te = 6 ns 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT541P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT541T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION 


HC HCT 
9 10 


SYMBOL NAME AND FUNCTION 
OE 4, OE2 output enable input (active LOW) 
Ag to A7 data inputs 
GND ground (0 V) 
ie ie is i Yq to Y7 bus outputs 
20 Vcc positive supply voltage 


PC74HC/HCT563 
MSI 


OCTAL D-TYPE TRANSPARENT LATCH; 3-STATE; INVERTING 


FEATURES TYPICAL 
@® 3-state inverting outputs for bus SYMBOL PARAMETER CONDITIONS 

oriented applications 
@ Inputs and outputs on opposite sides 

ee ares Se propagation delay che 1a 

a Dn, LE to O, Vec=5V 

with microprocessor ; 
@ Common 3-state output enable input input capacitance 
@ Output capability: bus driver na of ee a 
@ Icc category: MSI power dissipation Pee en 

capacitance per latch 

GENERAL DESCRIPTION etaareneee Rae 
The 74HC/HCT563 are high-speed GND =0-V) T4520 tet ons 
Si-gate CMOS devices and are pin 
compatible with low power Schottky Notes 
TTL (LSTTL). They are specified in et 
compliance with JEDEC standard no. 7. 1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
The 74HC/HCT563 are octal D-type Pp =Cpp x Vcc’ x fj + » (CL x VCC? x fo) where: 
transparent latches featuring separate fj = input frequency in MHz CL = output load capacitance in pF 
D-type inputs for each latch and inverting fo = output frequency in MHz VCC = supply voltage in V 
ae outputs for bus oriented Y (Cy x Vec? x fg) = sum of outputs 
nade , 2. For HC_ the condition is Vj = GND to Vcc 
Beg i ele et Er aut and ao ous gue For HCT the condition is Vj = GND to Vcc — 1.5 V 
enable (OE) input are common to all 
latches. 


. ; . . ORDERING INFORMATION/PACKAGE OUTLINES 
The ‘563’ is functionally identical to 


the “573”, but has inverted outputs. PC74HC/HCT563P: 20-lead DIL; plastic (SOT-146). 
The “563” consists of eight D-type PC74HC/HCT563T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


transparent latches with 3-state inverting 


outputs. The LE and OE are common to PIN DESCRIPTION 

all latches. 

When LE is HIGH, data at the Dy inputs PIN NO. SYMBOL NAME AND FUNCTION 

enter the latches. In this condition the ae 

latches are transparent, i.e. a latch output 2, 3, 4, 5, 6, : 

will change state each time its 7,8,9 save puts 

corresponding D-input changes. 11 latch enable input (active HIGH) 
When LE is LOW the latches store the 1 OE 3-state output enable input (active LOW) 
information that was present at the 

D-inputs a set-up time preceding the 10 ground (0 V) 

HIGH-to-LOW transition of LE. 19, 18, 17, 16, 

When OE is LOW, the contents of the 15, 14, 13, 12 Sstate Aten Oo tnaG 


8 latches are available at the outputs. 
When OE is HIGH, the outputs go to the 
high impedance OF F-state. Operation 

of the OE input does not affect the state 
of the latches. 


20 positive supply voltage 


eo DN DW TD BB W ND 


1 7287865 


7287464.1 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol. 
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PC74HC/HCT563 
MSI 


7Z87463.1 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


INPUTS INTERNAL OUTPUTS 


LATCHES | = = HIGH voltage level 
HIGH voltage level one set-up time 
prior to the LOW-to-HIGH LE 


transition 


Wot 


enable and read 
register 


ieteWanditéad LOW voltage level 
reqistel LOW voltage level one set-up time 

prior to the LOW-to-HIGH LE 
transition 


latch register and 


disable outputs = high impedance OF F-state 


\/ \/ \/ IW \/ \/ \/ \/ 
dD 6a Dd 6 D6 OO Dp a dD Q b a D 6a D6 OQ 
LATCH LATCH LATCH LATCH LATCH LATCH LATCH LATCH 
1 2 3 4 5 6 7 8 
LE LE LE LE LE LE LE LE 
: : a a ee ee ae ae 
a —l>o 
\/ \/ \/ \/ \/ \/ \/ \/ 
() J @ J C) C) e O 
Qo a, Qo Q3 Q, or fo} Q 


7287465.1 


Fig. 5 Logic diagram. 
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Octal D-type transparent latch; 3-state; inverting 


DC CHARACTERISTICS FOR 74HC 


PC74HC/HCT563 
MSI 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: bus driver 
Ic¢ category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V;t, =t¢=6ns;C, = 50 pF 


SYMBOL | PARAMETER 


propagation delay 
Dry to On 


propagation delay 
LE to GO, 


3-state output enable time 
OE to QO, 


3-state output disable time 
OE toQ, 


output transition time 


enable pulse width 
HIGH 


set-up time 
D, to LE 


hold time 
Dry to LE 


PN 
oo 


= 
0O 
j=) 


[e) 
o 


TEST CONDITIONS 


y 
V 
Fig. 6 
Fig. 7 
Fig. 8 
Fig. 8 
Fig. 6 
Fig. 7 
Fig. 9 


Stamnes 
ono 
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PC74HC/HCT563 
| Ms! 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section “Family specifications’. 


Output capability: bus driver 
lec category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
inpu 
coefficient 


0.35 
0.65 
1.25 


AC CHARACTERISTICS FOR 74HCT 
GND =0V; ty =t¢=6ns;C, = 50 pF 


SYMBOL 


tpyi/ propagation delay 
tPLH Dp to On 
tPH L/ propagation delay 
tp7H/ 3-state output enable time 
tpZ OE to Oy, 
tpyz/ Bos output disable time 
tPLZ OE to Qy 
tTHL/ output transition time 
tTLH 
t enable pulse width 
W HIGH 


set-up time 
Dp, to LE 


hold time 
Dry to LE 


TEST CONDITIONS 


ae ae ( ae ae 


pa 
UNIT | Vcc | WAVEFORMS 


PARAMETER 


eae 


et 
< 
HE 


et) 
A 


NO 
8) 8] 
o1 ol 


ig. 8 


© 


Ww w OO 
> > > > 
on on o1 o 


NO 
NO 
ol 
Ww 


—_ 
NO 


a 
a 


os 

oO 

ok le 
mn mn n mn n 7 n a 
roy a a a a) Ta) Ta) 
Cc i<o) ~ Oo oO “J Oo 


= NO 
ow © 
= N 
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o> ot 
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Octal D-type transparent latch; 3-state; inverting 


AC WAVEFORMS 


Q,, OUTPUT 


7287867 tTHL— <-tTLH 


Fig. 6 Waveforms showing the data input (Dj) 
to output (Q,,) propagation delays and the 
output transition times. 


OE INPUT 


Q, OUTPUT 
LOW-to-OFF 
OFF -to- LOW 


Q, OUTPUT 
HIGH - to- OFF Vu 
OFF - to- HIGH 


(1) 


Outputs — lq outputs ____|«— outputs 
7Z96101 enabled disabled enabled 


Fig. 8 Waveforms showing the 3-state enable 
and disable times. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vj = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 


PC74HC/HCT563 
MSI 


LE INPUT 


Q,, OUTPUT 


7287868 wel le I THL wl le tthH 


Fig. 7 Waveforms showing the latch enable input 
(LE) pulse width, the latch enable input to 
output (G5) propagation delays and the output 
transition times. 


Dp, INPUT Yj) 


LE INPUT 


7287866 


Fig. 9 Waveforms showing the data set-up and 
hold times for Dy input to LE input 


Note to Fig. 9 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 
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PC74HC/HCT564 
MSI 


OCTAL D-TYPE FLIP-FLOP; POSITIVE-EDGE TRIGGER; 3-STATE; INVERTING 


FEATURES 


® 3-state inverting outputs for 
bus oriented applications 
@ §8-bit positive-edge triggered 
register 
® Common 3-state output enable input 
® Independent register and 3-state 
buffer operation 
@ Output capability: bus driver 
© Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT564 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT564 are octal D-type 
flip-flops featuring separate D-type inputs 
for each flip-flop and inverting 3-state 
outputs for bus oriented applications, _ 
A clock (CP) and an output enable (OE) 
input are common to all flip-flops. 


The 8 flip-flops will store the state of 
their individual D-inputs that meet the 
set-up and hold times requirements on the 
LOW-to-HIGH CP transition. 

When OE is LOW, the contents of the 

8 flip-flops are available at the outputs. 
When OE is HIGH, the outputs go to the 
high impedance OF F-state. Operation of 
the OE input does not affect the state of 
the flip-flops. 


The “564” is functionally identical to 
the “574”, but has inverting outputs. 

The 564” is functionally identical to 
the "534", but has a different pinning. 


7293782 


Fig. 1 Pin configuration. 
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TYPICAL 
UNIT 


: 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cppx Vcc’ x fj + 2 (CL x VCC? x fo) where: 
fj = input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
2 (Ci x Voc? x fo) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


SYMBOL PARAMETER 
tpHL/ propagation delay 
tpl CP to Q, 


maximum clock frequency 
Cc power dissipation 
PD capacitance per flip-flop 


GND = 0 V; Tamb = 25 °C; ty = te = 6 ns 


Notes 


ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT564P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT564T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION 


PIN NO. SYMBOL NAME AND FUNCTION 


3-state output enable input (active LOW) 
data inputs 


ground (0 V) 
clock input (LOW-to-HIGH, edge-triggered) 


19, 18, 17, 16, 
15, 14, 13, 12 


20 positive supply voltage 


3-state flip-flop outputs 


7293783 7293784 


Fig. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 


Octal D-type flip-flop; positive-edge trigger; 3-state; inverting 


PC74HC/HCT564 
MSI 


FUNCTION TABLE 


INPUTS INTERNAL OUTPUTS 


FLIP-FLOPS 


Ee = ie 19 
Da | : 

O 
©) 


3-STATE 
OUTPUTS 


OPERATING MODES 


load and read 
register 


5 


load register and 
disable outputs 


H = HIGH voltage level 

h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 
L = LOW voltage level 

| = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
7293785 Z = high impedance OF F-state 

t = LOW-to-HIGH clock transition 


Fig. 4 Functional diagram. 


7Z87462 


Fig. 5 Logic diagram. 
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PC74HC/HCT564 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’ 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 


GND = OV; t,= tt =6 ns; Cy = 50 pF 


" section ‘‘Family specifications”. 


SYMBOL | PARAMETER Vec | WAVEFORMS 
to +85 | —40to +125 V 
lease 
propagation delay se ee ri 
CP to 0 
n 14 28 35 
3-state output enable time pa eee, _ 
OE to 0 16 | 28 
e 13 | 24 30 
3-state output disable time - se be 
OE toQ 
n 14 | 23 29 
14 | 60 75 
output transition time 5 12 15 
4 13 
F clock pulse width : i 
|W HIGH or LOW 
4 17 
" set-up time : he 
SU 
Dry to CP 2 13 
hold time 0 : 
th D, to CP o 0 ‘ 
5 0 5 
maximum clock pulse re or 
fmax frequency 108 
35 | 125 28 


TEST CONDITIONS 


Tamb (°C) 
74HC 


620 
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PC74HC/HCT564 
MSI 


Octal D-type flip-flop; positive-edge trigger; 3-state; inverting 


a Pm OF un ALN ee (Sst REA ORR 288 Aan: DK EMA TAN 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘Farnily specifications’. 


Output capability: bus driver 
Ic¢ category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT | COEFFICIENT 
OE 0.80 
Do to D7 | 0.25 
CP 1.00 


AC CHARACTERISTICS FOR 74HCT 
GND =OV;t,= ts =6 ns; Cy = 50 pF 


| Tans °C) TEST CONDITIONS 
Lie Aes og la ene 
| 
SYMBOL | PARAMETER | WAVEFORMS 
| 
min | 
Fee ee ee | eee eee 
tpH_/ propagation delay | a6 
tPLH CP to Oy 
tpzy/ 3-state output enable time 
tpZ OE to Q, 
tpyz/ 3-state output disable time 
tpLz OE to Q, 
ae i 
a output transition time 
t ; clock pulse width : 
W HIGH or LOW 
ne ee ee ERIE LAREN PRO ao 
t set-up time 
au Dr to CP 
' : hold time 
i h |_Pnto cP 


f maximum clock pulse 57 
max frequency 
Ri thie  eetee Be te ae aad 
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PC74HC/HCT564 
MSI 


AC WAVEFORMS 


CP INPUT 


CP INPUT 


D, INPUT 


CEUsnee G,, OUTPUT 


7293787 


Fig. 6 Waveforms showing the clock (CP) to output (O,) Fig. 7 Waveforms showing the data set-up and hold times 
propagation delays, the clock pulse width, the output for the data input (Dj). 
transition times and the maximum clock pulse frequency. 
Note to Fig. 7 
The shaded areas indicate when the input is permitted to 
change for predictable output performance. 


OE INPUT 


OUTPUT 
LOW - to- OFF 
OFF -to- LOW 


OUTPUT 
HIGH - to- OFF 
OFF -to- HIGH 


outputs —plq——— outputs ——___»|e— outputs 
7293786 enabled disabled enabled 


Fig. 8 Waveforms showing the 3-state enable and disable 


times. Note to AC waveforms 


(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 
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PC74HC/HCT573 
MSI 


OCTAL D-TYPE TRANSPARENT LATCH; 3-STATE 
FEATURES 


® Inputs and outputs on opposite sides 
of package allowing easy interface 
with microprocessors 

@ Useful as input or output port for 
microprocessors/microcomputers 

® 3-state non-inverting outputs for 
bus oriented applications 

@ Common 3-state output enable input 

® Functionally identical to the “563” 


TYPICAL 
CONDITIONS UNIT 


14 17 ns 
15 15 ns 


SYMBOL PARAMETER 


propagation delay 
;PH L/ Dn to O, 
PLH LE to Q, 


Cc power dissipation 
PD capacitance per latch 


notes 1 and 2 


and “373” 
@ Output capability: bus driver GND = 0 V; Tamp = 25 °C: t, = te = 6 ns 
® Icc category: MSI 
GENERAL DESCRIPTION Notes 
The 74HC/HCT573 are high-speed 1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Si-gate CMOS devices and are pin PD = CPD x VCC’ x fj + = (CL x Vcc? x fo) where: 
compatible with low power Schottky fj = input frequency in MHz CL = output load capacitance in pF 
TTL (LSTTL). They are specified in fo = output frequency in MHz Vce = supply voltage in V 
compliance with JEDEC standard no. 7. © (Cy x Vec? x fg) = sum of outputs 
The 74HC/HCT573 are octal D-type 2. For HC the condition is Vj = GND to Vcc 
transparent latches featuring separate For HCT the condition is Vj = GND to Vcc — 1.5 V 
D-type inputs for each latch and 3-state 
outputs for bus oriented applications. ORDERING INFORMATION/PACKAGE OUTLINES 
A latch enable (LE) input and an output 
enable (OE) input are common to PC74HC/HCT573P: 20-lead DIL; plastic (SOT-146). 
all latches. PC74HC/HCT573T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 
The “573” consists of eight D-type 
transparent latches with 3-state true PIN DESCRIPTION 


outputs. When LE is HIGH, data at the 


Dy, inputs enter the latches. In this INNO, SYMBOL NAME AND FUNCTION 
condition the latches are transparent, 


i.e. a latch output will change state each 


time its corresponding D-input changes. data inputs 

When LE is LOW the latches store the latch enable input (active HIGH) 
information that was present at the : : 
D-inputs a set-up time preceding the 3-state output enable input (active LOW) 
H!GH-to-LOW transition of LE. ground (0 V) 

When OE is LOW, the contents of the 19. 18.17.16 


3-state latch outputs 


8 latches are available at the outputs. 
When OE is HIGH, the outputs go to the 
high impedance OF F-state. Operation of 
the OE input does not affect the state 


of the latches. — (continued on next page) 


15, 14, 13, 12 
20 positive supply voltage 


oon DO MO BW DN 


7287875 
7287872 


ig. 2 Logic symbol. Fig. 3 1EC logic symbol. 


Fig. 1 Pin configuration. 
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PC74HC/HCT573 
MSI 


GENERAL DESCRIPTION (Cont’d.) 
The 573” is functionally identical to 
the 563” and “373”, but the ‘’563”’ has 


inverted outputs and the “373” has a 
different pin arrangement. 


7287873 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


INTERNAL 
OPERATING MODES LATCHES 
H = HIGH voltage level 

Anawletand tea h = HIGH voltage level one set-up time 
féalster prior to the HIGH-to-LOW LE 


(transparent mode) transition 


L = LOW voltage level 

| = LOW voltage level one set-up time 
prior to the HIGH-to-LOW LE 
transition 


Z = high impedance OFF-state 


7287871 


Fig. 5 Logic diagram. 
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Octal D-type transparent latch; 3-state | PC74HC/HCT573 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘“HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0 V;t, = t¢= 6 ns; C, = 50 pF 


SYMBOL 


Tamb (°C) TEST CONDITIONS 
74HC 
UNIT 


—40to +85 | —40 to +125 


PARAMETER Vcc | WAVEFORMS 


V 


propagation delay 
Dy to Qy 


Oh 

om 
3 
nan 


propagation delay 
LE toQy 


3-state output enable time 
OE to O, 


NO 
NO 
o1 


3-state output disable time 
OE toQ, 


wb 
CO oO 


RO WARN 

— OO O1 NO) 

i) ol 
5 


output transition time 


—- =— © om 
01 © © O 
” n nan a 


enable pulse width 
HIGH 


n 
si 
oO 


Fig. 7 


75 

15 

13 
100 120 

24 n 

65 75 2.0 
13 15 ns 4.5 9 
11 13 6.0 


— 
~ 


set-up time 


Fig. 
D, to LE 


hold time 
Dy to LE 


ooo 
=| 
”n 
rN 
o 
aL 
Sc 
fe) 
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PC74HC/HCT573 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘'HCMOS family characteristics’, section “Family specifications’’. 


Output capability: bus driver 
Icc category: MSI 
Note to HCT types 


The value of additional quiescent supply current (Alqc) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 


ete unit load 
P coefficient 


0.35 
0.65 
1.25 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; ty = t¢ = 6 ns; CL = 50 pF 


Tam Tam TEST CONDITIONS 
aT 
SYMBOL | PARAMETER UNIT nce WAVEFORMS 
—40 to +85 a to ta 25 
ere 


tpHL/ propagation delay 
tPLH Dy to On 


tpHL/ propagation delay 

tPLH LE toQ, 

tpz4/ 3-state output enable time 
teZL OE to OQ, 

tpHz/ 3-state output disable time 
tPpLZ OE to Q, 


= NO et 
< 


= = 

© ~ 
— WwW Ww Ww w 
N) Oo © ao oOo 


© 
Ls 
=o 
Os 
Oo 
c 
a 
(47) 
=. 
Cc. 
or 
zs 
a: 
re) 


; set-up time 
su Dn to LE 


hold time 
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Octal D-type transparent latch; 3-state 


AC WAVEFORMS 


D,, INPUT 


Q, OUTPUT 


7296096 tTHL 


Fig. 6 Waveforms showing the data input (D,,) 
to output (Q,,) propagation delays and the 
output transition times. 


OE INPUT 


Q, OUTPUT 
LOW-to-OFF 
OFF -to- LOW 


Q,, OUTPUT 
HIGH-to-OFF 
OFF -to-HIGH 


Outputs —piwg———— Outputs ~_ »|~q— outputs 
7293848 enabled disabled enabled 


Fig. 8 Waveforms showing the 3-state enable and 
disable times. 


Note to AC waveforms 
(1) HC : Vay = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 


PC74HC/HCT573 
MSI 


LE INPUT 


Q,, OUTPUT 


7287876 |) bee TTHE ~~! lee ttLH 


Fig. 7 Waveforms showing the latch enable input 
(LE) pulse width, the latch enable input to 
output (Q,,) propagation delays and the output 
transition times. 


LE INPUT 


7Z87866 


Fig. 9 Waveforms showing the data set-up and 
hold times for Dp input to LE input. 


Note to Fig. 9 


The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 
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PC74HC/HCT574 


628 


MSI 


DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


ress 


OCTAL D-TYPE FLIP-FLOP; POSITIVE EDGE-TRIGGER; 3-STATE 


FEATURES 


® 3-state non-inverting outputs for 
bus oriented applications 

® 8-bit positive edge-triggered 
register 

® Common 3-state output enable 
input 

® Independent register and 3-state 
buffer operation 

@ Output capability: bus driver 

® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT574 are high-speed 
Si-gate CMOS davices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT574 are octal D-type 
flip-flops featuring separate D-type inputs 
for each flip-flop and non-inverting 3-state 
outputs for bus oriented applications. _ 

A clock (CP) and an output enable (OE) 
input are common to all flip-flops. 


The 8 flip-flops will store the state of 
their individual D-inputs that meet the 
set-up and hold time requirements on the 
LOW-to-HIGH CP transition. 

When OE is LOW, the contents of the 

8 flip-flops are available at the outputs. 
When OE is HIGH, the outputs go to the 
high impedance OF F-state. Operation of 
the OE input does not affect the state of 
the flip-flops. 


The “574” is functionally identical to 
the “564”, but has non-inverting outputs. 
The 574" is functionally identical to 
the "374", but has a different pinning. 


574 


TSI ORN ANT AY CANOES 


7293864 


Fig. 1 Pin configuration. 
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ASSAD ROTH KMRL D GROSS ATG ETI 


TYPICAL 


12 


SYMBOL PARAMETER CONDITIONS 


propagation delay 
CP to Oy 


14 


60 


maximum clock frequency 


input capacitance 3.5 


power dissipation 
Capacitance per package 


notes 1 and 2 


GND =0 V; Tampb = 25 °C; ty = tf = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x Vcc? x fo) where: 


output load capacitance in pF 
supply voltage in V 


fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
2 (Cy x Vcc’ x fy) = sum of outputs 
. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 
ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT574P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT574T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION 


NO 


SYMBOL 


NAME AND FUNCTION 


1 OE 3-state output enable input (active LOW) 
2, 3, 4, 5, F j 

6.7.8.9 Dg to D7 data inputs 

10 GND ground (0 V) 

11 cP clock input (LOW-to-HIGH, edge-triggered) 


19, 18, 17, 16, 


15, 14, 13, 12 3-state flip-flop outputs 


Qo to Q7 


positive supply voltage 


7293866 


1 7293865 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 


PC74HC/HCT574 
MSI 


Octal D-type flip-flop; positive edge-trigger; 3-state 


FUNCTION TABLE 


INPUTS OUTPUTS 
OPERATING MODES Serene 
OE | oF | py 


load and read L 
register L 


3 


Do 


load register and H L Zz 
disable outputs H h H Z 
pg H = HIGH voltage level 
| h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 


L = LOW voltage level 
| = LOW voltage level! one set-up time prior to the LOW-to-HIGH CP transition 


Z = high impedance OFF -state 
Tt = LOW-to-HIGH clock transition 


7293867 


Fig. 4 Functiona! diagram. 


<I 
_ 
<x 
a) 
= Do D4 D2 D3 Da Ds Dg D7 
2a 
Lu \/ \/ \/ \/ \/ VV VV \/ 
=> O O O © O O QO O 
A. 
o d 6 Q dD 6a dD a D Q D 6a D 0 D 6A dD 6a 
LU cP cp cP cP cP cp cP cP 
rf FFI FF2 FF3 FF4 FF5 FF6 FF7 FF8 
: : d Cg a ae 
a >< 


Qq QO, Q, Q3 Q4 Qs Qg Q; 
7293868 
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PC74HC/HCT574 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ““HCMOS family characteristics”, section ‘‘Family specifications’’. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0V; t, = t¢ =6ns;C, = 50 pF 


SYMBOL | PARAMETER WAVEFORMS 


—40 to +85 | —40 to +125 
ye. | max | min mex. | min. | max 


propagation delay 
CP to On 


3-state output enable time 
OE to Op, 


3-state output disable time 
OE to Qy, 


output transition time 


clock pulse width 
| HIGH or LOW 


set-up time 
Dp, to CP 


th hold time : 
Dy, to CP 5 
; 6 
F maximum clock pulse 30 
max frequency 35 
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DEVELOPMENT DATA 


Octal D-type flip-flop; positive edge-trigger; 3-state 


DC CHARACTERISTICS FOR 74HCT 


PC74HC/HCT574 
MSI 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section “Family specifications”. 


Output capability: bus driver 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc¢) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; t, = te = 6 ns; Cy = 50 pF 


SYMBOL | PARAMETER 


tpHt/ propagation delay 

tPLH CP to Qy 

tpzH/ 3-state output enable time 
tpZ. OE to O, 

tpHz/ 3-state output disable time 
tPLz OE to Q, 

tTHL/ output transition time 
'TLH 


clock pulse width 
HIGH or LOW 


set-up time 
Dry to CP 


hold time 
zt to CP 


- 
< 
i 


i¢) QQ 


poi ce (°C) TEST CONDITIONS 
eT 

UNIT vec WAVEFORMS 
—40 to +85 | —40 to +125 


LS) 
= wW > 
> 
on 
s 
< 
N 
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PC74HC/HCT574 
MSI ° 


AC WAVEFORMS 


CP INPUT ' 


Q,, OUTPUT 


7293869 


Fig. 6 Waveforms showing the clock input (CP) pulse width, 
the CP input to output (Q,) propagation delays, the output 
transition:‘times and the maximum clock pulse frequency. 


D, INPUT 


CP INPUT 


7293870 


Fig. 8 Waveforms showing the data set-up and hold times 
for Dy input to CP input. 


Note to Fig. 8 


The shaded areas indicate io the input is permitted 
to change for predictable output performance. 
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OUTPUT 
LOW - to- OFF 
OFF -to- LOW 


OUTPUT 
HIGH - to- OFF 
OFF -to- HIGH 


Outputs —»|lq——— outputs —__»|«— outputs 
7293939 enabled disabled enabled 


Fig. 7 Waveforms showing the 3-state enable and disable 
times. 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vee. 
HCT: Vy =1.3V; Vy = GND to 3V. 


DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


PC74HC/HCT583 
MS! 


4-BIT FULL ADDER WITH FAST CARRY 


FEATURES 


@ Adds two decimal numbers 

@ Full internal look-ahead 

® Fast ripple carry for economical 
expansion 

@ Output capability: standard 

®@ Icc category: MS! 


GENERAL DESCRIPTION 


The 74HC/HCT583 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT583 are high-speed 

4-bit BCD full adders with internal carry 
look-ahead. They accept two 4-bit 
decimal numbers (Ag to A3 and Bg to B3) 
and a carry input (Cypy). 


The ‘583” generates the decimal sum 
outputs (2g to 23) and a carry output 
(C,+4) if the sum is greater than 9. 
See the ’’283” for the binary version. 


Fig. 1 Pin configuration. 


TYPICAL 
UNIT 
: 


17 . 
10 
12 


CONDITIONS 


SYMBOL PARAMETER 


propagation delay 
tPHL/ An, Bn, Cin to Zp 
tPLH Cin to Cy+4 


Ce 


GND = 0 V; Tamb = 25 °C; ty = ty =6 ns 


3.5 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT583P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT583T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


/PINNO. | SYMBOL NAME AND FUNCTION 


carry input 

carry output 

ground (0 V) 
11, 10, 7,9 sum outputs 
12, 1,2, 3 


13, 14, 15, 4 


B operand inputs 
A operand inputs 


16 positive supply voltage 
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PC74HC/HCT597 
MSI 


DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


8-BIT SHIFT REGISTER WITH INPUT FLIP-FLOPS 


FEATURES 


® 8-bit parallel storage register inputs 

@ Shift register has direct overriding 
load and clear 

@ Output capability: standard 

© Icc category: MSI 


GENERAL DESCRIPTION 

The 74HC/HCT597 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT597 consist each of an 
8-bit storage register feeding a parallel-in, 
serial-out 8-bit shift register. Both the _ 
storage register and the shift register have 
positive edge-triggered clocks. The shift 
register also has direct load (from 
storage) and clear inputs. 


7Z96103 


Fig. 1 Pin configuration. 


TYPICAL 


CONDITIONS | UNIT 


SYMBOL PARAMETER 


propagation delay 
SHcp to Q 


GND =0V; Tamb = 25 “Cit, = tf = 6 ns 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT597P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT597T: 16-lead mini-pack; plastic (SO-16: SOT-109A). 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


ground (0 V) 
serial data output 


10 MR asynchronous reset input (active LOW) 
11 shift clock input (LOW-to-HIGH, edge-triggered) 


12 storage clock input (LOW-to-HIGH, 
edge-triggered) 


13 PL parallel load input (active LOW) 
14 serial data input 


15, 1, 2, 3, 
4,5, 6,7 


16 positive supply voltage 


parallel data inputs 


FUNCTION TABLE 


FUNCTION 


data loaded to input latches 


data loaded from inputs to shift register 


data transferred from input latches to 
shift register 


invalid logic, state of shift register 
indeterminate when signals removed 


xX xX L L 
Xx x H L shift register cleared 


shift register clocked 
Xx . H H 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

t = LOW-to-HIGH CP transition 


PC74HC/HCT7597 
MSI 


8-BIT SHIFT REGISTER WITH INPUT LATCHES 


FEATURES 


@ 8-bit parallel input latches 
@ Shift register has direct overriding 
load and clear 


TYPICAL 


SYMBOL PARAMETER CONDITIONS 


propagation delay 


@ Output capability: standard SHcp to Q 
® Icc category: MSI LE toQ 
PL toQ 


GENERAL DESCRIPTION D7 toQ 


maximum clock frequency 


The 74HC/HCT7597 are high-speed Si-gate 
SHcp 


CMOS devices and are pin compatible with 
low power Schottky TTL (LSTTL). They 
are specified in compliance with JEDEC 
standard no. 7. 


The 74HC/HCT7597 both consist of an 
8-bit storage latch feeding a parallel-in, 


input capacitance 


power dissipation 
Capacitance per package 


serial-out 8-bit shift register. GND = 0 V; Tamb = 25 °C: ty = te = 6 ns 
When LE is HIGH, data at the D,, inputs Notes 
enter the latches. In this condition the 1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 


latches are transparent, i.e. a latch output 
will change state each time its corresponding 
D-input changes. fj; = input frequency in MHz CL 
When LE is LOW the latches store the fo = output Breeueney in MHz VCC 
information that was present at the D-inputs, x (CL x Voc? x fp) = sum of outputs 

a set-up time preceding the HIGH-to-LOW 2. For HC. thecondition is Vj = GND to Vcc 


Pp =Cpp x Vcc? x fj + = (CL x Vcc? x fo) where: 


output load capacitance in pF 
supply voltage in V 


transition of LE. For HCT the condition is Vj} = GND to Vcc — 1.5 V 
The shift register has a positive edge- ORDERING INFORMATION/PACKAGE OUTLINES 
triggered clock, direct load (from storage) PC74HC/HCT7597P: 16-lead DIL; plastic (SOT-38Z). 
and clear inputs. PC74HC/HCT7597T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 
PIN DESCRIPTION — ; 
PIN NO. SYMBCL NAME AND FUNCTION 
8 GND ground (0 V) 
9 0 serial data output 
10 MR asynchronous reset input (active LOW) 
11 SHcp shift clock input (LOW-to-HIGH, edge-triggered) 
12 LE latch enable input (active HIGH) 
13 PL parallel load input (active LOW) 
14 Ds serial data input 
Dg to D7 parallel data inputs 
Vcc positive supply voltage 


LATCHES | 


7293802 


7293803 7293804 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. ig. 3 1EC logic symbol. 
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PC74HC/HCT7597 
MSI 


636 


FUNCTION TABLE 


FUNCTION 


data loaded to input latches 


data loaded from inputs to shift register 


stored data loaded to shift register 
8-BIT data transferred from input latches to 
ony shift register 


REGISTER 


invalid logic, state of shift register 
indeterminate when signals removed 
shift register cleared 


shift register clocked 
= Qn-1, Q9 = Ds 


7293805 


H = HIGH voltage level 

L = LOW voltage level 

X=don’'t care 

t =LOW-to-HIGH CP transition 


Fig. 4 Functional diagram. 
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8-bit shift register with input latches | PC74HC/HCT7597 
MsI 


7293813 


Fig. 5 Logic diagram. 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 


Output capability: standard 
Icc category: MSI 
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PC74HC/HCT 7597 
MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0 V;t,= ts =6 ns; Cy = 50 pF 


SYMBOL | PARAMETER 


tPHL/ 
tPLH 
tPHL/ 
tPLH 


TEST CONDITIONS 
UNIT 


Vv 


175 220 265 2.0 
53 ns 4.5 Fig. 6 
30 37 45 6.0 


44 53 ns 


propagation delay 
SHep to Q 


— — (1 
& OO 
et) 
o1 
Bx 
- 


propagation delay 


MR to O Fig. 7 


propagation delay 


52 
19 
15 
72 
LE toQ oy 
. 63 
tpHL/ propagation delay 53 
PL to Q 18 
propagation delay se 
D7 to Q 18 
19 
output transition time 4 
6 
‘ 11 
SHcp pulse width 4 
HIGH or LOW 3 
; 11 
LE pulse width 4 
HIGH 3 
; MR pulse width o 
Ww LOW 5 
: PL pulse width - 
y ct 1415 
: 50 | -3 
t removal time 10 4 
rem MR to SHcp 9 4 
: 100 | 22 
t removal time 20 8 
set-up time oO ° 
'su Dp to LE ae 
t set-up time o : 
: 80 | 8 
: set-up time 16 3 
su LE, PL to SHcp 14 2 
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8-bit shift register with input latches PC74HC/HCT7597 
MSI 


AC CHARACTERISTICS FOR 74HC (Continued) 


Tamb (°C) L TEST CONDITIONS 


l, 74HC | 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 | —40 to +125 V 
min. | typ. | max. | min. | max. | min max. 
a = —— 
4 28 4 4 2.0 
th ae ai ed 4 4 ns | 45 | Fig. 12 
n 4 —1 4 4 6.0 
2 8 2 2 2.0 
th nelle @ nas 2 2 ns 45 | Fig. 12 
Ug tor lil 2 2 6.0 
| Re 213] [2] i: ms |e 
LE, PL to SHcp ne - : 
ae ol | 2 2 6.0 
6.0 | 30 48 4.0 2.0 
ene maximum pulse frequency | 349 | 99 24 20 MHz | 4.5 | Fig. 6 
Hcp 35 | 107 | 28 24 | 6.0 
___t 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘“HCMOS family characteristics’, section ‘Family specifications’’. 


Output capability: standard 
Icc category: MSI 
Note to HCT types 


The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


0.25 
0.40 


1.50 
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PC74HC/HCT7597 
MSI 


640 


AC CHARACTERISTICS FOR 74HCT 
GND =0V;t,= t¢ =6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 | —40 to +125 V 


tpy_/ _—-|_ propagation delay 
tPLH SHcp to 0 


propagation delay 


ee 


MR to Q 


ns 


© ~ = o1 jo) s 
fey) O1 
1) OO 


= on is w 
o Lee) NO o 
NO NO NO = NO NO NO NO 
ap sferate tals; 3) | | fp de 


propagation delay 
LE toQ 


propagation delay 
PL to 0 


propagation delay 
D7 toQ 


S 
7) 


n n n 


Output transition time 


NO Sw 
NO > 


SHcp pulse width 
HIGH or LOW 


NO 


—_ 
Oo 


LE pulse width 
HIGH 


MR pulse width 
: PL pulse width 
W LOW 


=) 


— 
ee) 
EtG 


ie) NO WwW NO 


ol 


co pwae [el [ist Les 

tsu ye to LE ots | 

pe > 

en ee 

| Rae ne # f=] [ey fe 
oa 

» [MEP 2 | fe |? | ote ft 
8 see 
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8-bit shift register with input latches PC74HC/HCT7597 
MSI 


AC WAVEFORMS 


SHcp !NPUT MR INPUT 


Q OUTPUT 


Q OUTPUT 


7293807 7293806 


Fig. 6 Waveforms showing the SHcp input to O output 
propagation delays, the SHcp pulse width and maximum 
clock pulse frequency. 


Fig. 7 Waveforms showing the MR input to Q output 
propagation delay and the MR pulse width. 


LE INPUT PL INPUT 


Q OUTPUT Q OUTPUT 


eeaseee 7293809 


Fig. 9 Waveforms showing the PL input to Q output 
Fig. 8 Waveforms showing the LE input to O output propagation delays, PL pulse width and output transition 
propagation delays and the LE pulse width. times. 


Dz INPUT MR INPUT 


Q OUTPUT 


7293810 7293811 


Fig. 10 Waveforms showing the D7 input to Q output Fig. 11 Waveforms showing the MR input to LE, SHcp 
propagation delays. removal times. 
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PC74HC/HCT7597 
MSI 


AC WAVEFORMS (Continued) 


642 


LE INPUT 
7293812 


Fig. 12 Waveforms showing hold and set-up times for 
Ds, Dp inputs to SHcp, LE inputs. 


Note to Fig. 12 
The shaded areas indicate when the input is permitted to 
change for predictable output performance. 
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Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy =1.3V; Vj =GND to 3V. 


PC74HC/HCT640 
MSI 


OCTAL BUS TRANSCEIVER; 3-STATE; INVERTING 


FEATURES 


@ Octal bidirectional bus interface 
@® Inverting 3-state outputs 

@ Output capability: bus driver 

© Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT640 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT640 are octal 

transceivers featuring inverting 3-state bus 
compatible outputs in both send and 
receive directions. 

The “640” features an output enable 
(OE) input for easy cascading and a 
send/receive (DIR) for direction control. 
OE controls the outputs so that the buses 
are effectively isolated. 

The “640” is similar to the “245” but 
has inverting outputs. 


7Z87467 


Fig. 1 Pin configuration. 


SYMBOL PARAMETER CONDITIONS UNIT 


propagation delay 
An to By; 
Bn to An 


input capacitance Tr 


Ci/o input/output capacitance 


power dissipation 
Capacitance per notes 1 and 2 
transceiver 


GND =0 V; Tamb = 25 °C; ty = tf = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x Vcc? x fj + = (CL x VEC? x fo) where: 
fj; = input frequency in MHz Ci = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
2 (Cy x Voc? x fg) = sum of outputs 
2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT640P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT640T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION (see next page) 


: 
Te 7287870 


Fig. 2 Logic symbol. Fig. 3 !EC logic symbol. 


7287869 
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PC74HC/HCT640 
MSI 


644 


7287466.1 


Fig. 4 Functional diagram. 
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PIN DESCRIPTION 


NAME AND FUNCTION 


1 DIR direction control > 
2, 3, 4, 5, data inputs/outputs 
6, 7, 8,9 

10 ground (0 V) 


18, 17, 16, 15, data inputs/outputs 


14, 13, 12, 11 
19 
20 


output enable input (active LOW) 
positive supply voltage 


inputs 
B=A 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OF F-state 


Octal bus transceiver; 3-state; inverting PC74HC/HCT640 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: bus driver 
Ic¢c category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0 V; ty =t¢ = 6 ns; Cy = 50 pF 


SYMBOL 


tPHL/ 
'PLH 
tpzH/ 
tPZL 
tpHzZ/ 
tPLZ 
tTHL/ 
tTLH 


TEST CONDITIONS 


UNIT | Vec | WAVEFORMS 
[425 | ~aow 05 | a0 10 +125 ; 
2.0 
4.5 Fig. 5 
6.0 
225 2.0 
45 4.5 Fig. 6 
38 6.0 
190 225 2.0 
38 45 4.5 Fig. 6 
33 38 6.0 
2.0 
4.5 Fig. 5 


PARAMETER 


propagation delay 
An to Bn; 
Br to An 


3-state output enable time 
OE, DIR to An: 
OE, DIR to Bh 


3-state output disable time 
OE, DIR to Ay; 
OE, DIR to By 


output transition time 
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PC74HC/HCT640 


646 


MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘“HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: bus driver 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND =0 V; ty = te =6 ns; Cy = 50 pF 


SYMBOL | PARAMETER 


propagation delay 
An to Bn: 
Br to An 


3-state output enable time 
OE, DIR to Ap; 
OE, DIR to By 


3-state output disable time 
OE, DIR to Ap; 
OE, DIR to By 
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Octal bus transceiver; 3-state; inverting 


AC WAVEFORMS 


An, Bn INPUT 


Bn, An OUTPUT 


7296093 


Fig. 5 Waveforms showing the input (Ap, Bn) 
to output (By, An) propagation delays and 
the output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vy = GND to Vec. 
HCT: Vy = 1.3V; Vj = GND to 3V. 


PC74HC/HCT640 
MSI 


OE INPUT 


OUTPUT 
LOW - to- OFF 
OFF -to- LOW 


OUTPUT 
HIGH - to- OFF 
OFF - to- HIGH 


Outputs —wlq——— Outputs —___»/~<«— outputs 
7296102 enabled disabled enabled 


Fig. 6 Waveforms showing the 3-state enable 
and disable times. 
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PC74HC/HCT643 
MSI 


OCTAL BUS TRANSCEIVER; 3-STATE; TRUE/INVERTING 


FEATURES 


@ Octal bidirectional bus interface 
@ True and inverting 3-state outputs 
® Output capability: bus driver 

® Icc category: MSI 


GENERAL DESCRIPTION 

The 74HC/HCT643 are high-speed 

Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL(LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT643 are octal 

transceivers featuring true and inverting 
3-state bus compatible outputs in both 
send and receive directions. 

The “643” features an output enable (OE) 
input for easy cascading and a send/receive 
(DIR) for direction control. OE controls 
the outputs so that the buses are 
effectively isolated. 


FUNCTION TABLE 


INPUTS/OUTPUTS 


INPUTS 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OFF-state 


7290992 
Fig. 1 Pin configuration. 
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SYMBOL PARAMETER 
propagation delay 
(PH L/ An to By; inverting 
PLH By, to Aj; true 


Ci/o input/output capacitance le 


C power dissipation ; notes 1 and 2 42 pF 
PD capacitance per transceiver 


GND =0 V; Tamb = 25 °C; ty = tf = 6 ns 


Notes 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
PD =Cpp x Vcc’ x fj + © (CL. x Vcc? x fo) where: 
fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
2 (Cy x Vcc? x fo) = sum of outputs 
2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is V} = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT643P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT643T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION 


INNO, | SYMBOL NAME AND FUNCTION 


direction control 


data inputs/outputs 


ground (0 V) 


18, 17, 16, 15, 
14, 13, 12, 11 


19 
20 


data inputs/outputs 


output enable input (active LOW) 
positive supply voltage 


7290993 
7290994 


Fig. 3 1EC logic symbol. 


. Fig. 2 Logic symbol. 


Octal bus transceiver; 3-state; true/inverting PC74HC/HCT643 
MSI 


7Z90998 


Fig. 4 Functional diagram. 
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PC74HC/HCT643 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: bus driver 
Iac category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =O V;t, =t¢=6ns; Cy = 50 pF 


Tamptc) TEST CONDITIONS 


74HC 
Vcc | WAVEFORMS 


SYMBOL | PARAMETER 


propagation delay 2.0 
‘PHL! An to Bn; 4.5 
PLH inverting 6.0 
propagation delay 28 90 115 2.0 
PH L/ B, to Ap; 10 | 18 23 4.5 
PLH non-inverting (true) 8 15 20 6.0 
3-state output enable time 39 150 190 2.0 
OE, DIR to Ap; 14 | 30 38 4.5 
OE, DIR to By 11 26 33 6.0 
t / 3-state output disable time 44 150 190 2.0 
ne OE, DIR to Ap; 16 | 30 38 4.5 
PLZ OE, DIR to By, 13 | 26 33 6.0 
. 14 | 60 75 2.0 

output transition time 5 12 15 4.5 Figs 5and6 
4 10 13 6.0 
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Octal bus transceiver; 3-state; true/inverting PC74HC/HCT643 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘“HCMOS family characteristics’, section ‘‘Family specifications’’. 


Output capability: bus driver 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND =O V;t, = tf = 6 ns; Cy = 50 pF 


SYMBOL | PARAMETER 


Paris 
propagation delay 
‘PH L/ A, to Bn; 20 
PLH inverting 
propagation delay 
tpHL/ B, to An; 4.5 
'PLH non-inverting (true) 
t / 3-state output enable time 
a, OE, DIR to Ay; 4.5 
PZL OE, DIR to By, 
t / 3-state output disable time 
one OE, DIR to An; 17 | 30 38 45 | ns 4.5 | Fig.7 
PL2 OE, DIR to By 
ae output transition time 5 12 15 18 ns 4.5 Figs 5and 6 


TEST CONDITIONS 


UNIT | Voc | WAVEFORMS 
Vv 


4.5 Fig. 5 


S 
35 ns 
45 ns 


WO 
= i 
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PC74HC/HCT643 
MSI 


AC WAVEFORMS 


652 


A, INPUT B, INPUT 


B, OUTPUT A, OUTPUT 


7Z90995 7290996 


Fig. 6 Waveforms showing the input (B,) to 
output (A,) propagation delays and the output 
transition times. 


Fig. 5 Waveforms showing the input (A,) to 
output (B,) propagation delays and the output 
transition times. 


INPUTS 


OUTPUT 
LOW-to- OFF 
OFF - to- LOW 


OUTPUT 
HIGH - to- OF F 
OFF - to- HIGH 


Outputs —pelqe———__—.._ Outputs —__ip,|.— outputs 
7290997.1 enabled disabled enabled 


Fig. 7 Waveforms showing the 3-state enable Note to AC waveforms 
and disable times for OE and DIR inputs. (1) HC : Viy = 50%; V; = GND to Vcc. 
HCT: Vp = 1.3 V; V; = GND to 3V. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 


specifications are subject to change without notice. 


OCTAL BUS TRANSCEIVER/REGISTER; 3-STATE 


FEATURES 


@ Independent register for A and B 
buses 

@ Multiplexed real-time and stored 
data 

@® Output capability: bus driver 

@ Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT646 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT646 consist of bus 
transceiver circuits with 3-state outputs, 
D-type flip-flops, and control circuitry 
arranged for multiplexed transmission of 
data directly from the internal registers. 
Data on the ‘‘A”’ or ‘‘B”’ bus will be 
clocked into the registers as the 
appropriate clock (CPap and CPg a) 
goes to a HIGH logic level. Output enable 
(OE) and direction (DIR) inputs are 
provided to control the transceiver 
function. In the transceiver mode, data 
present at the high-impedance port may 
be stored in either the “A” or ““B”’ 
register, or in both. The select source 
inputs (Sap and Spa) can multiplex 
stored and real-time (transparent mode) 
data. The direction (DIR) input 
determines which bus will receive data 
when OE is active (LOW). In the isolation 
mode (OE = HIGH), ‘“A’’ data may be 
stored in the “B”’ register and/or ‘’B”’ data 
may be stored in the ‘‘A”’ register. 


(continued on next page) 
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Fig. 1 Pin configuration. 


PC74HC/HCT646 
MS! 


TYPICAL i 
SYMBOL PARAMETER CONDITIONS }--—-—-;---—— UNIT 
HC HCT 
| sees E ee en ae é 7 
tpy/ propagation delay 17 
tPLH An, Bn to Bn, An Cy =15 pF 
| eee, Vcc =bh V a 
f max maximum clock frequency 60 
ae cal ee eee e 
C input capacitance 3.5 pF | 
a 3 oe eee pecan pa hd : 
cen | “capa dissipation notes 1 and 2 52 52 pF 
capacitance per package | 


GND =0 V; Tamb = 25 °C; ty = tp = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation 
Pp =Cpp x Vcc’ x fi + © (CL x VEC? x fo) where: 


(Pp in pW): 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 


2 (Ci x Vec? x fo) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc -- 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT646P: 24-lead DIL; plastic (SOT-101A). 


PC74HC/HCT646T: 24-lead mini-pack; plastic (SO-24; SOT 


3 7293918 


Fig. 2 Logic symbol. 


Fig. 


-137A). 


7293319 


3 IEC logic symbol. 
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PC74HC/HCT646 
MSI 


PIN DESCRIPTION 


GENERAL DESCRIPTION (Cont'd) 
When an output function is disabled, the 


A to B clock input (LOW-to-HIGH, input function is still enabled and may be 
edge-triggered) used to store and transmit data. 

Only one of the two buses, A or B, may 
be driven at a time. 


direction control input The 646” is functionally identical to the 
648", but has non-inverting data paths. 


SYMBOL NAME AND FUNCTION 


select A to B source input 


A data inputs/outputs 


ground (0 V) 
i. os iz. ie B data inputs/outputs 
21 OE Output enable input (active LOW) 
22 select B to A source input 


23 B to A clock input (LOW-to-HIGH, 
edge-triggered) 


24 positive supply voltage 


FUNCTION TABLE 


INPUTS DATA 1/0 * 
CPap | CPBA cece Ag to A7 | BotoB7 


FUNCTION 


real-time A data to B bus 
stored A data to B bus 


* The data output functions may be enabled or disabled by various signals at the OE and 
DIR inputs. Data input functions are always enabled, i.e., data at the bus inputs will be 
stored on every LOW-to-HIGH transition on the clock inputs. 


H = HIGH voltage level 

L = LOW voltage level 

X= don’t care 

t = LOW-to-HIGH level transition 


7Z93920 


Fig. 4 Functional diagram. 
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PC74HC/HCT646 


Octal bus transceiver/register: 3-state 


MSI 


HH /A\ 


/\ 


NS Ls & B 


Vivd LNAWdO13A40 


Fig. 5 Logic diagram. 
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PC74HC/HCT646 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘“Family specifications”. 


Output capability: bus driver 
Icc category: MS! 


AC CHARACTERISTICS FOR 74HC 
GND=OV;t, =t¢=6 ns; Cy = 50 pF 


tPpLz OE to An, Bn 


220 : 
44 53 ns 4.5 Fig. 9 
37 45 | 6.0 


Tamb (°C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 | —40to+125 Vv 
min. ; . | min. | max. | min. , 
tpHi/ propagation delay Fig 6 
tPLH An Bn to BnAn 33 
<7 

; 275 
tpy/ propagation delay 55 Fig. 7 

. 275 
tpy_/ propagation delay 55 Fig. 8 
tPLH SAB/SBA to BnAn 47 
tpzH/ 3-state output enable time Wy rr Fig. 9 
tpZ7L OE to An,B I9- 

net 30 37 
tpHz/ 3-state output disable time i es 


30 
tpZH/ 3-state output enable time ee et oP 70 
t DIR to A.B 35 44 53 ns 4.5 Fig. 10 
ac men 30 37 45 6.0 
tpHz/ 3-state output disable time ie eeu eee poe 
t DIR to A.B 35 44 53 ns 4.5 Fig. 10 
PLZ nee 30 37 45 6.0 
t / 60 75 | 90 2.0 
ale L output transition time 12 15 18 ns 4.5 Figs 6 and 8 
ue 10 13 | 15 6.0 
ae oe eee 
clock pulse width 115 135 2.0 
ty HIGH or LOW 23 27 ns 4.5 Fig. 7 
CP ap or CPB 20 23 | 6.0 
ceuieg 115 135 2.0 
t 23 27 ns 4.5 Fig. 7 
ou An, Bn to CPap.CPpa 50 93 6.0 
; 5 5 5 2.0 
hold time ‘ 
t 5 5 ns 4.5 Fig. 7 
An. Bn to CPapg.CPRa 5 5 5 6.0 
: 5.4 4.4 3.6 2.0 
frmax eee 27 22 18 MHz | 4.5 | Fig. 7 
Hee ee 32 26 21 6.0 


OSLER) SST PRED LEU REST STEW a | COIL. 5 EPSP OMIT SSI SSCA EL TOTAL SEERA YS PSE TOE SEATS ETI 
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Octal bus transceiver/register; 3-state PC74HC/HCT646 
MS! 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘‘Family specifications”. 


Output capability: bus driver 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc¢ per input, multiply this value by the unit load coefficient shown in the table below. 


INPUT UNIT LOAD UNIT LOAD 
COEFFICIENT COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT 
GND =OV;t, =tf=6ns;C; =50 pF 


Tamb (°C) TEST CONDITIONS 
= 74HCT 
<q | SYMBOL | PARAMETER WAVEFORMS 
Q +25 —40 to +85 | —40to+125 
feo 2 
z min. | typ. | max. | min. | max. | min. | max. 
Fa tpyt/ propagation delay 37 46 56 
© | tPLH An,Bn to Bh.An 
! ee 
MA) | top / propagation delay 4A 55 66 
rt tpLH CPap,CPBa to Bn, An 
oO propagation delay 5 77 
SAB-SBA to Bn.An 
3-state output enable time 4 Fia. 9 
OE to A,,,Bp 45 56 68 ns 5 ig. 
3 disable ti | 
-state output disable time 4 Fj 
OE to A,,Bn 35 44 53 ns 5 ig. 9 
3-state output enable time | 45 56 is i 45 Fig. 10 
DIR to Ay,Br _| , 
3-state output disable time “ihe 44 53 A | 45 Fig. 10 
DIR to Ay,Br , , 
oe ee a | creeemestees Ce aa 
5 12 15 18 ns 4.5 Figs 6 and 8 
clock pulse width ; 
HIGH or LOW 25 31 38 ns 4.5 Fig. 7 
CP ap or CPpa 
set-up time 45 Fig. 7 
An.Bp to CPap.CPBA 25 7 31 38 ns | 1g 
hold time i 
4. Fig. 7 
An, By to CPap,CPBA ) 5 ns 5 ig 
: 


Fig. 7 
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PC74HC/HCT646 
MSI 


AC WAVEFORMS 


CPag, CPaa 
INPUT 


By An 
OUTPUT 


7Z93922 By, An 
OUTPUT 


7293921.1 


Fig. 7 Waveforms showing the A,,B, to CPag,CPRa 
set-up and hold times, clock CPap,CPp, pulse width, 
maximum clock pulse frequency and the CPap,CPRA 
to output By,Ap propagation delays. 


Fig. 6 Waveforms showing the input Ay, By to 
Output By, An propagation delays and the output 
transition times. 


Bn An 


OUTPUT OUTPUT 


LOW - to- OFF 
OFF -to- LOW 
7293925 


Fig. 8 Waveforms showing the input Sap,Spa to 
output By,Apn propagation delays and output 
transition times. 


OUTPUT 
HIGH - to- OFF 
OFF - to- HIGH 


Outputs —plq—— Outputs —_»|«— outputs 
7293923 enabled disabled enabled 


DIR INPUT 
Fig. 9 Waveforms showing the input OE to output 
An, Bn 3-state enable and disable times. 


A, OUTPUT 


A,, OUTPUT 


B, OUTPUT 


By, OUTPUT 


7293924 


. ‘ ; N 
Fig. 10 Waveforms showing the input DIR to output Otete AG wavelorms 


An,Bn 3-state enable and disable times. (1) HC : Vy = 50%; Vj = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


PC74HC/HCT648 
MSI 


OCTAL BUS TRANSCEIVER/REGISTER; 3-STATE; INVERTING 


FEATURES 


@® independent register for A and B 
buses 

@ Multiplexed real-time and stored 
data 

@® Output capability: bus driver 

® icc category: MSI 


GENERAL DESCRIPTION 

The 74HC/HCT648 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT648 consist of bus 
transceiver circuits with 3-state inverting 
outputs, D-type flip-flops, and control 
circuitry arranged for multiplexed 
transmission of data directly from the 
internal registers. Data on the ‘‘A” or ‘’B”’ 
bus will be clocked into the registers as 
the appropriate clock (CPap and CPga) 
goes to a HIGH logic level. Output enable 
(OE) and direction (DIR) inputs are 
provided to control the transceiver 
function. In the transceiver mode, data 
present at the high-impedance port may 
be stored in either the A” or ““B” 
register, or in both. The select source 
inputs (Sap and Spa) can multiplex 
stored and real-time (transparent mode) 
data. The direction (DIR) input 
determines which bus will receive data 
when OE is active (LOW). In the isolation 
mode (OE = HIGH), “A” data may be 
stored in the ‘’B” register and/or ‘‘B’’ data 
may be stored in the ‘‘A”’ register. 


(continued on next page) 


7293927 


Fig. 1 Pin configuration. 


TYPICAL 


PARAMETER 


SYMBOL CONDITIONS . 


propagation delay 
An, Bn to Bn, An 


maximum clock frequency 


input capacitance 


power dissipation 
capacitance per package 


GND = 0 V; Tamb = 25 °C: ty = te = 6 ns 


notes 1 and 2 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
PD =Cpp x Vcc’ x fj + = (CL x Vcc? x fg) where: 
fj = input frequency in MHz CL 
fo = output frequency in MHz 
2 (Ci x Vcc? x fg) = sum of outputs 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


= output load capacitance in pF 
VCC = supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/ECT648P: 24-lead DIL; plastic (SOT-101A). 
PC74HC/HCT648T: 24-lead mini-pack; plastic (SO-24; SOT-137A). 


7293928 


7293929 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT648 
MSI 


PIN DESCRI EON 


PIN NO. SYMBOL NAME AND FUNCTION GENERAL DESCRIPTION (Cont'd) 
: When an output function is disabled, the 


input function is still enabled and may be 
used to store and transmit data. 
Only one of the two buses, A or B, may 


A to B clock input (LOW-to-HIGH, 
edge-triggered) 


1 CPap 


2 SAB select A to B source input Bdaven ionic: 

: ca direction'control input The 648” is functionally identical to the 
4,5, 6,7, Ag to Ay A data inputs/outputs 646”, but has inverting data paths. 

8, 9, 10, 11 

12 GND ground (0 V) 


20,19,18,17, |=. = 
16, 15, 14.13. | Bo toB7 


B data inputs/outputs 


21 OE output enable input (active LOW) 

22 SBA select B to A source input 

23 CPBA B to Aclock input (LOW-to-HIGH, 
edge-triggered) 

24 Vcc positive supply voltage 


FUNCTION TABLE 


INPUTS DATA 1/O * 
|-———-——4 FUNCTION 
CPap | CPBa | Sap SBA Ag to A7 | BotoB7 

X Xx ‘apat mut isolation 

x |X P P store A and B data 

X real-time B data to A bus 
stored B data to A bus 

L real-time A data to B bus 
output | stored A data to B bus 


* The data output functions may be enabled or disabled by various signals at the OE and 
DIR inputs. Data input functions are always enabled, i.e., data at the bus inputs will be 
stored on every LOW-to-HIGH transition on the clock inputs. 


H = HIGH voltage level 

L. = LOW voltage level 

X = don’t care 

t = LOW-to-HIGH level transition 


>I 
°c 


j >i 


Dil Pi 
3 be 


Oo fa 
w 
ron) 


= | 
oO lo fo jn ion ian 
BS 
? e 
x55 6 6 6 60 6-6 
i [exf] i 
oO 


si 
? oo! 
~ 
— 
w 


PIT Si] Sil >I 
0 
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Fig. 4 Functional diagram. 
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Octal bus transceiver/register; 3-state; inverting PC74HC/HCT648 
MSI 


-— 
TO 
CHANNELS 
—> 2TO8 


ieee Gee SS Ee ee es es eee 
| 
. w 


DEVELOPMENT DATA 
j 
S i? 
= 
mei - S 


cree rere a | © RENNER © errs 0 eevee er eer ee en emai 


7Z93936 


Fig. 5 Logic diagram. 
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PC74HC/HCT648 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘Family specifications’’. 


Output capability: bus driver 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0 V; t, = tf = 6 ns; Cy. = 50 pF 


Tamb (°C) TEST CONDITIONS 


74HC 
SYMBOL | PARAMETER 


tPHL/ 
tPLH 
tPHL/ 
tPLH 
tPHL/ 
tPLH 
tpzH/ 
tPZL 
tpHz/ 
tPLZ 
tpZH/ 
tPZL 
tpHz/ 
tPLz 
tTHL/ 
tTLH 
we 
fe 
fe 


UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 | —40to +125 


propagation delay 


An, Bn to Bn, An 


propagation delay _ 
CP ap.CPBaA to Bn,An 


oOoOW | ww — 
—-O0O | WOO 
© >) 


WOW 
oon 
uo 
N | ® O1ND 
NO | NON 
© oO 
Pony | am Ww 
CTW MD | HOH W 
o1 i=) 
po) pe) 
a an 


-_— 6; Po 
| fs i 
eit: | " 
an a a an a 
aN ca 
ono 


propagation delay _ 
SAB/SBA to Bn.An 


3-state output enable time 
OE to An, Br 


3-state output disable time 


OE to An.Br, 53 ns 


3-state output enable time 
DIR to An,Br 


3-state output disable time 
DIR to An,Bn 


2.0 

4.5 Fig. 10 

6.0 

2.0 

4.5 Figs 6 and 8 

6.0 

2.0 

4.5 Fig. 7 

6.0 

| 


4,5 Fig. 7 


output transition time 


—_— —_ J] 
Wool 


clock pulse width 
HIGH or LOW 
CP ap or CPpa 


set-up time 
An,Bn to CPap,CPpa 


hold time 


: QOogw; NN—| NON=> 
Won OO) ON W 
o1 oO 


; 3.6 2.0 
f maximum clock pulse 18 MHz 46 Fig. 7 
max frequency 21 60 ; 
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Octal bus transceiver/register; 3-state; inverting PC74HC/HCT64& 


MSI 
DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘'HCMOS family characteristics’, section ‘Family specifications’. 
Output capability: bus driver 
Icic category: MS! 
Note to HCT types 
The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 
INPUT UNIT LOAD UNIT LOAD 
COEFFICIENT COEFFICIENT 
SAB: SBA | 9.60 
Ag to Ay 1.50 
and 0.75 1.50 
Bo to B7 1.25 
AC CHARACTERISTICS FOR 74HCT 
GND=OV;tp=tp=6ns; Cy = 50 pF 
: 7 : se 7 
| a Tamb (°C) TEST CONDITIONS 
< | 74HCT 
a SYMBOL | PARAMETER ie UNIT | Vee | WAVEFORMS 
O) +25 —40 to +85 | —-40to+125 V 
= min. | typ. | max. | min. min. | max. 
Lu ee 4 
= | tpHL/ propagation delay 46 56 | ns 4.5 | Fig.6 
Oo tPLH An Bn to Bn, An 
Ww tpy/ propagation delay __ 68 ae AG. \cFiaF 
= tPLH CP aB,CPRa to By-An ‘ 
; | 
CO |tPHL/ | propagation delay _ 51 64 77, |ns | 45 | Fig. 8 
tPLH SAB/SBA to Bn, An | 
tp7H/ 3-state output enable time 45 68 = a5 | Fig. 9 | 
tp2L OE to An, Br 
tpHz2/ 3-state output disable time 35 53 si 4.5 | Fig. 9 
tPLZ OE to An, Br 
tpzH/ 3-state output enable time 45 = 68 ae 45 | Fig. 10 
DIR to An, Br | | 
3-state output disable time 53 ‘les 45 Fig. 10 


DIR to Ay,Br 


tTHL/ 
tTLH 


output transition time 


clock pulse width 
HIGH or LOW 
CP ap or CPpa 


ns 4.5 Figs 6 and 8 
Fig. 7 


set-up time 
An, Bn to CPap,CPpa 


hold time 
An, Bn to CPap,CPRA 


N N 
BR] | 
or 
ste 
—_— 
= Ww w 
Ww fee) co 
—, 
co 
| 
n 
aS 
o1 
a 
a 
~ 
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PC74HC/HCT648 
MSI 


AC WAVEFORMS 


CP ag, CPaa 
INPUT 


Bn An 
OUTPUT 
B,, A 
7Z93932.1 non Vu?) 
OUTPUT 


7293931 <= tPHL tpLH > 


Fig. 7 Waveforms showing the Ap,B, to CPag,CPRa 
set-up and hold times, clock CPap,CPpa pulse width, 
maximum clock pulse frequency and the CPap,CPRA 
to output By,An propagation delays. 


Fig. 6 Waveforms showing the input An,Br to 
output By,Ap7, propagation delays and the output 
transition times. 


OE INPUT 


An: Bn 
OUTPUT 
LOW-to-OFF 
OFF -to- LOW 


OUTPUT 


7293935 tTHL >! 


An: By 
OUTPUT 


HIGH - to- OFF 
OFF -to- HIGH 


Fig. 8 Waveforms showing the input Sap,Spa to 
output By,An propagation delays and output 
transition times. 

outputs —-ple—— Outputs —___»}«— outputs 


7293933 enabled disabled enabled 


DIR INPUT 
Fig. 9 Waveforms showing the input OE to output 


An,Bn 3-state enable and disable times. 


By OUTPUT 
7293934 
Note to AC waveforms 


Fig. 10 Waveforms showing the input DIR to output 
An, Bn 3-state enable and disable times. (1) HC : Viy = 50%; V; = GND to Vcc. 
HCT: Vy =1.3V; Vy = GND to 3V. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 


PC74HC/HCT670 


specifications are subject to change without notice. 


4x 4 REGISTER FILE; 3-STATE 


FEATURES 


@ Simultaneous and independent read 


and write operations 


@ Expandable to almost any word size 


and bit length 
@ Output capability: standard 
© Icc category: MSI 


GENERAL DESCRIPTION 

The 74HC/HCT670 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT670 are 16-bit 3-state 
register files organized as 4 words of 

4 bits each. Separated read and write 
address inputs (Ra, Rp and Wa, Wp) 
and enable inputs (RE and WE) are 
available, permitting simultaneous 
writing into one word location and 
reading from another location. The 4-bit 
word to be stored is presented to four 
data inputs (Dg to D3). The Wa and We 
inputs determine the location of the 
stored word. When the WE input is LOW, 
the data is entered into the addressed 
location. The addressed location remains 
transparent to the data while the WE 
input is LOW. Data supplied at the 
inputs will be read out in true (non- 
inverting) form from the 3-state outputs 
(Q9 to Q3). Dy and Wry inputs are 
inhibited when WE is HIGH. 


Direct acquisition of data stored in any 
of the four registers is made possible by 
individual read address inputs (R~ and 
Rp). The addressed word appears at the 
four outputs when the RE is LOW. 
Data outputs are in the high impedance 
OFF-state when RE is HIGH. This 
permits outputs to be tied together to 
increase the word capacity to very large 
numbers. 


(continued on next page) 
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Fig. 1 Pin configuration. 


MSI 


TYPICAL 


SYMBOL PARAMETER CONDITIONS 


propagation delay 
Dry to Q, 


C; =15pF 
Vcc =5V 


input capacitance 


power dissipation 
capacitance per package 


GND = OV; Tamb = 25 °C; ty = tp = 6 ns 


notes 1 and 2 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x Vcc? x fo) where: 


fj = input frequency in MHz CL = = _ output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
2 (Cy x Voc? x fo) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT670P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT670T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


/PINNO. | SYMBOL NAME AND FUNCTION 


read address inputs 

ground (0 V) 

data outputs 

3-state output read enable input (active LOW) 


write enable input (active LOW) 


write address inputs 


data inputs 


positive supply voltage 


RAM4x4 


7Z93911 


7293912 


ig. 3 IEC logic symbol. 


Logic symbol. 
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PC74HC/HCT670 
MSI 


LATCHES AND 
WRITE ENABLE LOGIC 


SELECT AND 
READ ENABLE LOGIC 


7293993 


Fig. 4 Functional diagram. 


WRITE MODE SELECT TABLE 
OPERATING 


INPUTS 
MODE 


: L L L 
wanted [W [x [dome 


* The write address (Wa and Wp) to the 
“internal latches’’ must be stable while 
WE is LOW for conventional operation. 


READ MODE SELECT TABLE 

Fels On 
LATCHES* 

une w[ x [2 


** The selection of the “internal latches’’ 
by read address (Ra and Rp) are not 
constrained by WE or RE operation. 


OPERATING 
MODE 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Z = high impedance OF F-state 
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GENERAL DESCRIPTION (Cont'd) 


Design of the read enable signals for the 
stacked devices must ensure that there is 
no overlap in the LOW levels which 
would cause more than one output to be 
active at the same time. Parallel expansion 
to generate n-bit words is accomplished 
by driving the enable and address inputs 
of each device in parallel. 


4 x 4 register file: 3-state PC74HC/HCT670 
MSI 


x 
Gees EE Se eae 
a 
ee ee el Se 


DEVELOPMENT DATA 


Fig. 5 Logic diagram. 
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PC74HC/HCT670 
MSI 


668 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications”. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =O V;t, = tg = 6 ns; CL = 50 pF 


TEST CONDITIONS 


Tamb (°C) 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 | —40to+125 
yan |i [mai [ ma 


Vv 
2.0 
tPHL/ 
tPLH 
tPHL/ 
tPLH 
2.0 
4.5 | Fig. 7 
6.0 


2.0 
4.5 Fig. 9 
6.0 


~N 
p 
= 
?) 


propagation delay 


Ra, Rp to Qh i 


propagation delay 250 


WE to Q, 


3 
” 


propagation delay 
Dry to Qy 


3-state output enable time 
RE to Qy 


POIN | DN W 
ONG | ron 
oi on 


—" WW I|PAN/ AT WPM 
SPOON | WOO | WO © O1N 
ol on) oO on 
iia 
a 


O10) W NO 
AW = 00 
3) oO 


3-state output disable time 


RE to QO, 2 


220 
44 
37 


& O1 ND 
ow © 
ol 


output transition time 


= — (0 
ooo 
on = 


read enable pulse width 135 


LOW 


and 
_ 
© 


23 


write enable pulse width 135 
LOW 


NON 

won 
a) 
n 


NO 

~“ 
— NO 
CO N 


set-up time 
Dp, to WE 


: 60 
set-up time rat 12 
Wa, Wp to WE 10 


—_ — (O 
010 © 


30 
75 
15 
13 


=) 
wn 


ana ;ooca 

= 

ana»qn1; ano |! -—— © 
oo © 

a 
Oh NY 
oaeo 
jee) 


hold time 


Wa, Wp to WE Fig. 


t hold time_ 
h Dp to WE 


latch time 225 230 340 2.0 
tlatch atch 45 56 68 ns 45 | Fig.8 
WE to Ra, Rp 38 48 58 6.0 
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DEVELOPMENT DATA 


4x 4 register file; 3-state PC74HC/HCT670 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section “Family specifications”. 


Output capability: standard 

IC¢ category: MSI 

Note to HCT types 

The value of additional quiescent supply current (Alc¢) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


UNIT LOAD 
COEFFICIENT 


0.25 
0.40 
0.60 


0.70 
1.10 
1.35 


AC CHARACTERISTICS FOR 74HCT 
GND =O V;t, = t¢=6ns; Cy = 50 pF 


SYMBOL 


TEST CONDITIONS 


Vec WAVEFORMS 


Vv 


PARAMETER 


—40 to +85 | —40to +125 


propagation delay 


4 == 


propagation delay 
Dy to Oy 


3-state output disable time 
RE to OQ, 


output transition time 


read enable pulse width 
LOW 


write enable pulse width 
LOW 


set-up time 
Dy, to WE 


set-up time —__ 
Wa, Wp to WE 


hold time_ 5 
Dy to WE 

hold time 

latch time 


oO 


on 
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PC74HC/HCT670 
MSI 


AC WAVEFORMS 


Q,, OUTPUT 
7293913 
Fig. 6 Waveforms showing the read address input 


(Ra, Rp) to output (Q,) propagation delays and 
output transition times. | 


Wa. We 
INPUT 


Dy, !NPUT 


WE INPUT 


ee t latch 7m ee eee 


Ra, Rg 
INPUT 


VAAL 


7Z93915.1 


RE INPUT 


Q,, OUTPUT 


LOW-to- OFF 
OFF -to- LOW 


Q,, OUTPUT 
HIGH -to-OFF 
OFF -to- HIGH 


Outputs —plq——— outputs |g — Outputs 
7293916 enabled disabled enabled 


Fig. 9 Waveforms showing the read enable (RE) to 
output (Q,,) enable and disable times, and the read 
enable pulse width. 
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D,, INPUT 


WE INPUT 


Q,, OUTPUT 


7Z93914.1 


Fig. 7 Waveforms showing the write enable input 
(WE) and data input (Dy) to output (Q_7) 
propagation delays, and the write enable pulse width. 


Note to Fig. 8 


The shaded areas indicate when the input is permitted 
to change for predictable output performance. 


The time allowed for the internal output of the latch 
to assume the state of the new data (tigtch) is 
important only when attempting to read from a 
location immediately after that location has received 
new data. This parameter is measured from the 
falling edge of WE to the rising edge of Ra or Rp, 
RE must be LOW. 


Fig. 8 Waveforms showing the write address input 
(Wa, Wp) and data input (D,,) to write enable (WE) 
set-up, hold and latch times. 


Note to AC waveforms 
(1) HC : Vyy = 50%; V; = GND to Vcc. 
HCT: Vy=1.3V; V;= GND to3V. 


8-BIT MAGNITUDE COMPARATOR 


FEATURES 


@ Compare two 8-bit words 
@ Output capability: standard 
@ Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT688 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 


compliance with JEDEC standard no. 7. 


The 74HC/HCT688 are 8-bit 
magnitude comparators. They perform 
comparison of two 8-bit binary or 
BCD words. 

The output provides P = Q., 


"7287469 


Fig. 1 Pin configuration. 


PC74HC/HCT688 
MS! 


TYPICAL 
SYMBOL PARAMETER 


propagation delay 
tPHL/ Py, Qn to P=O 


input capacitance 


power dissipation 
capacitance per package 


GND = 0 V; Tamb = 25 °C; ty = tf = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cppx Vcc’ x fj+ = (CL x VCC’ x fo) where: 


output load capacitance in pF 
supply voltage in V 


fj = input frequency in MHz CL 
fo = output frequency in MHz VCC 
& (Cy x Vec? x fg) = sum of outputs 

2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is V} = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT688P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT688T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


PIN DESCRIPTION 
SYMBOL NAME AND FUNCTION 


1 enable input (active LOW) 


2, 4,6, 8, 11, 
13, 15, 17 


3, 5, 7, 9, 12, 
14, 16, 18 
10 ground (0 V) 

19 equal to output 

20 positive supply voltage 


word inputs 


word inputs 


1 7287896 7287895 


Fig. 3 1EC logic symbol. 


Fig. 2 Logic symbol. 
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PC74HC/HCT688 
MSI 


O 


O 


7Z287468.1 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


OUTPUT 


7287470 


Y VY VV VY AAA AVA AAAS, VV 
y 


DATA 


Ph, Qn Fig. 5 Logic diagram. 


H = HIGH voltage level 
L. = LOW voltage level 
X = don’t care 
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8-bit magnitude comparator PC74HC/HCT688 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘’HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MS! 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V;t, =t¢=6ns; Cy = 50 pF 


TEST CONDITIONS 


WAVEFORMS 


SYMBOL | PARAMETER 


tpHi/ propagation delay Fia. 6 

tPLH P,, Qn to P= 9: 

tpHL/ propagation delay Fig 7 

tPLH EtoP=Q 9: 

tTHL/ Output transition time Figs 6 and 7 
tTLH 
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PC74HC/HCT688 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND =0 V;t, =t¢=6 ns; Cy = 50 pF 


SYMBOL | PARAMETER 
iin |e, | me. 


tpHL/ propagation delay 
tPLH Ph, Qn toP =O 


TEST CONDITIONS 


UNIT | Vec| WAVEFORMS 


Vv 
ae 


Figs 6 and 7 
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8-bit magnitude comparator PC74HC/HCT688 
MSI 


AC WAVEFORMS 


E INPUT P,Q, INPUT 


P= Q OUTPUT 


7287897.1 7287898 


Fig. 6 Waveforms showing the enable input (E) 
to the equal to output (P = Q) propagation 
delays and the output transition times. 


Fig. 7 Waveforms showing the word inputs (Pr, 
Q,,) to the equal to output (P = Q) propagation 
delays and the output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vj = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3 V. 
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DUAL 4-INPUT NOR GATE 


FEATURES 


@ Output capability: standard 
® Icc category: SSI 


GENERAL DESCRIPTION 


The 74HC/HCT4002 are high-speed 
Si-gate CMOS devices and are pin 
compatible with 4002” of the 
“4000B” series. The are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT4002 provide the 
4-input NOR function. 


7287427.1 


Fig. 1 Pin configuration. 


PC74HC/HCT4002 
SSI 


SYMBOL PARAMETER CONDITIONS 


—_ 


power dissipation 
coo | Pameiintion || notes tana | 18 | 


GND =0 V; Tamh = 25 °C; ty = tp = 6 ns 


TYPICAL 
UNIT 
propagation delay 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in pW): 
Pp =Cpp x Vcc? x fj + = (CL x Vcc? x fo) where: 
fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
2 (CL x Vcc? x fg) = sum of outputs 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4002P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT4002T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


|PINNO. | SYMBOL NAME AND FUNCTION 


data outputs 
data inputs 
data inputs 


data inputs 
data inputs 


not connected 
ground (0 V) 
positive supply voltage 


72874 28.1 7293167 


Fig. 2 Logic symbol. Fig. 3 1EC logic symbol. 
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677 


PC74HC/HCT4002 
SSI 


FUNCTION TABLE 


INPUTS 


7Z287428.1 


H = HIGH voltage level 
L = LOW voltage level 
X = don’t care 


Fig. 4 Functional diagram. 


7293168 


7Z93169 


Fig. 5 Logic diagram PC54/74HC4002 
(one gate). 


Fig. 6 Logic diagram PC54/74HCT4002 (one gate). 
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Dual 4-input NOR gate PC74HC/HCT 4002 
SSI 


DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’’. 
Output capability: standard 

Icc category: SSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; t, = tg = 6 ns; C, = 50 pF 


TEST CONDITIONS 


74HC 
SYMBOL | PARAMETER Vcc | WAVEFORMS 
<a to+85 | —40to +125 Vv 


output transition time 


propagation delay 
nA, nB, nC, nD to nY 
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PC74HC/HCT4002 
SSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: SSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


‘ unit load 
nA, nB, 
nc, nD 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; ty = tp = 6 ns; Cy = 50 pF 


—— ee (°C) TEST CONDITIONS 
a 
SYMBOL | PARAMETER UNIT Vec WAVEFORMS 
—40 to +85 4010 +125, to +125 
— [mmax. | rnin. | man. | 


tpHL/ propagation delay 
nA, nB, nC, nD to nY 13 22 28 33 4.5 Fig. 7 
iH [ovmtommnim | [fe | fe | |e fm [se] r 


AC WAVEFORMS 


nA,nB, nc, nD INPUT 


nY OUTPUT 


7293170 


Fig. 7 Waveforms showing the input (nA, nB, 

nC, nD) to output (nY) propagation delays and Note to AC waveforms 

the output transition times. (1) HC: Vjy = 50%; V; = GND to Vec. 
HCT: Vy =1.3V; Vy = GND to 3V. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 


PC74HC/HCT4015 
MSI 


specifications are subject to change without notice. 


DUAL 4-BIT SERIAL-IN/PARALLEL-OUT SHIFT REGISTER 


FEATURES TYPICAL | 
@ Output capability: standard SYMBOL | PARAMETER CONDITIONS }—--—;--— UNIT 
® Icc category: MSI — at ; ; ‘He I: HCT 
‘ tpy/ propagation delay 
GENERAL DESCRIPTION tpi nCP to nO, C, = 15 pF 14 16 a 
The 74HC/HCT4015 are high-speed i a Tae VGC ov hat ee 
Si-gate CMOS devices and are pin fmax maximum clock frequency 104 73 MHz 
compatible with the 4015” of the ; ; = 7 ; 
““4000B" series. They are specified in Cj | input Capacitance il 3.5 3.5 pee | 
compliance with JEDEC standard no. 7. cine e: - _ : e i ae alii 
The74HC/HCT4015 are dual edge- =i Metab 72. eet =p. 
triggered 4-bit static shift registers 
(serial-to-parallel converters). Each shift ORDERING INFORMATION/PACKAGE OUTLINES 
register has a serial data input (1D and 
2D), aclock input (1CP and 2CP), four PC74HC/HCT4015P: 16-lead DIL; plastic (SOT-38Z). 
fully buffared parallel outputs (109 to PC74HC/HCT4015T: 16-lead mini-pack; plastic (SO-16; SOT 109A). 
103 and 2Qg to 203) and an overriding 
asynchronous master reset (1MR and 
2MR). Information present on nD is 
shifted to the first register position, and PIN DESCRIPTION 
all data in the register is shifted one e 
position to the right on the LOW-to-HIGH PIN NO. SYMBOL NAME AND FUNCTION 
transition of nCP. A HIGH on nMR clears foo oe 
the register and forces nOg to nO3 to 5, 4, 3, 10 109 to 103 flip-flop outputs 
LOW, independent of nCP and nD. 6, 14 IMR, 2MR asynchronous master reset inputs (active HIGH) 
7,15 1D, 2D serial data inputs 
APPLICATIONS 8 GND ground (0 V) 
@ Serial-to-parallel converter 9,1 1CP, 2CP clock inputs (LOW-to-HIGH, edge-triggered) 
© Buffer stores . 13,12,11,2 | 209 to 203 flip-flop outputs 
@ General purpose register a 
16 Vcc positive supply voltage 


FUNCTION TABLE 


HIGH voltage level 

LOW voltage level 

don’t care 

LOW-to-HIGH clock transition 
H!IGH-to-LOW clock transition 
number of clock pulse transitions 
n = either HIGH or LOW 


iow uot Ww tl 


Fig. 1 Pin configuration. 
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QUAD BILATERAL SWITCHES 


FEATURES 


@ Low “ON” resistance: 

90 22 (typ.) at Veco =4.5V 

80 2 (typ.) at Veg = 6.0 V 

65 QQ (typ.) at Vec = 9.0 V 
Individual switch controls 

Typical “break before make” built in 
Output capability: non-standard 

Icc category: SSI 


GENERAL DESCRIPTION 


The 74HC/HCT4016 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the ''4016” of the 
“4000B” series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4016 have four 
independent analog switches (transmission 
gates). 

Each switch has two input/output 
terminals (Yn, Z_) and an active HIGH 
enable input (E,). When E,, is connected 
to Vcc, a low bidirectional path between 
Yn and Z, is established (ON condition). 
When E,, is connected to ground (GND), 
the switch is disabled and a high 
impedance between Y, and Z, is 
established (OFF condition). 


Current through a switch will not cause 
additional Vcc current provided the 
voltage at the terminals of the switch is 
maintained within the supply voltage 
range; Vcc > (Vy, Vz) > GND. 
Inputs Yp, and Zp are electrically 
equivalent terminals. 


7293300 


Fig. 1 Pin configuration. 


PC74HC/HCT4016 
SSI 


SYMBOL PARAMETER 


ied 
CONDITIONS UNIT 


tpHz/ turn “OFF” time 
tPLZ Ep to Vos 
input capacitance 


Cc power dissipation 
PD capacitance per switch 


max. switch capacitance 


GND =0 V; Tampb = 25 °C; ty = ty = 6 ns 


turn “ON” time 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp = Cpp x Vcc? x ff + LUCE + Cg) x Voc? x fo ; where: 
f; = input frequency in MHz C, = output load capacitance in pF 


f< = output frequency in MHz Cs = max. switch capacitance in pF 
D{(Cy + Cs) x Voc? x fo} = sum of outputs Vcc = supply voltage in V 


2. For HC the condition is V} = GND to Vcc 
For HCT the condition is V} = GND to Vcc — 1.5 V 


ORDERING INFORMATIOW/PACKAGE OUTLINES 


PC74HC/HCT4016P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT4016T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


1,4, 8, 11 
7 
2,3,9, 10 
13, 5, 6, 12 
14 


NAME AND FUNCTION 


independent inputs/outputs 
ground (0 V) 

independent inputs/outputs 
enable inputs (active HIGH) 
positive supply voltage 


7293301 


7293302 


Fig. 3 1EC logic symbol. 


Fig. 2 Logic symbol. 
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PC74HC/HCT4016 
SSI 


APPLICATIONS 


® Signal gating 
® Modulation 
® Demodulation 
® Chopper 


7293303 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


INPUT ~ CHANNEL 


high 
low 
H = HIGH voltage level 
L = LOW voltage level 


7293304 


Fig. 5 Schematic diagram (one switch). 
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Quad bilateral switches PC74HC/HCT4016 
SSI 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages are referenced to GND (ground = 0 V) 


SYMBOL PARAMETER UNIT | CONDITIONS 


DC supply voltage 


DC digital input diode current for Vj < -0.5 Vor Vi >Vec +05 V 


DC switch diode current for Vg <-0.5 Vor Vg >Vcecto0.5V 


for -0.5V<Vs<Vect+0.5 V 


for temperature range: ~40 to +125 °C 
74HC/HCT 


above +70 °C: derate linearly with 8 mW/K 


power dissipation per package 


plastic DIL 


above +70 °C: derate linearly with 6 mW/K 


SYMBOL 


DC supply voltage 


DC input voltage range 


DC switch voltage range 


operating ambient temperature range : see DC and AC 


CHARACTERISTICS 


operating ambient temperature range 


input rise and fall times 


PC74HC/HCT4016 
SSI 


DC CHARACTERISTICS FOR 74HC/HCT 


For 74HC: Vcc = 2.0, 4.5, 6.0 and 9.0 V 
For 74HCT: Vcc =4.5V 


Tamb (°C) TEST CONDITIONS 
74HC/HCT 
SYMBOL | PARAMETER UNIT | Vcc | Is Vis Vi 


+125 


: 160 | 320 400 
ON resistance 120 | 240 300 
85 | 170 213 


ON resistance 


GND 


~> 
ws 
© 
=“ = | 
GW & 
os one) 
=NND | 
“IO DO 
oon 


ON resistance 


90 

80 

65 

maximum AON resistance 16 

between any two channels 12 
9 


Notes to DC characteristics 


1. At supply voltages approaching 2.0 V the analog switch ON-resistance becomes extremely non-linear. Therefore it is recommended 
that these devices be used to transmit digital signals only, when using these supply voltages. 
2. For test circuit measuring Ron see Fig. 6. 


(from enable inputs) 


Vis =OQOto Vec -— GND 


me GND 
72Z93305.1 


(from enable inputs) 


vy =Vcc or GND Vo = GND or Voc 


SSS re GND 
Zi 7293967 


Fig. 7 Test circuit for measuring OF F-state current. 


January 1986 


Quad bilateral switches PC74HC/HCT4016 
SSI 


(from enable inputs) 


V, = Vec or GND Vo (open circuit) 


GND 
cle 7293968 


Fig. 8 Test circuit for measuring ON-state current. 


7Z93969 


7.2 9 
Vig (V) 


Fig. 9 Typical Ron as a function of input voltage 
Vis for Vig = 0 to Vcc. 
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PC74HC/HCT4016 


RRA TEN IPP RIESE NTE EPSRC RRSP ATOR FONT RR SSIES ET EET SCS RSE 


EAE RAE AREAS TLE TERETE PI CE TE II I ER ION TIE TE I I OR TES TRE EE I EL EE EE, 


688 


Ssl 


DC CHARACTERISTICS FOR 74HC 
Voltages are referenced to GND (ground = 0 V) 


SYMBOL | PARAMETER 


VI HIGH level input voltage 


US 


VIE LOW level input voltage 
thy input leakage current 
re analog switch OF F-state 
='$ current per channel 


analog switch ON-state 
current 


Icc quiescent supply current 


AC CHARACTERISTICS FOR 74HC 
GND=OV;t; =t¢=6ns; Cy = 50 pF 


SYMBOL | PARAMETER 


propagation delay 


turn “OFF” time 


nee 


RD, Ja 
\ ff 
4 
ys 
3 
R 
| 
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TEST CONDITIONS 


OTHER 


Msl= 
Vec -— GND 
(see Fig. 7) 


Vsl= 
Vec - GND 
(see Fig. 8) 
Vis or GND or 


Vcc: Vos = 
Vcc or GND 


TEST CONDITIONS 


Vec | OTHER 


4.5 | Ry =, C, =50 pF 
6.0 (see Fig. 16) 


4.5 Ry = 1k; Cy = 50 pF 
6.0 (see Figs 17 and 18) 


A.5 Ryp=1kQ;C_ =50 pF 
6.0 (see Figs 17 and 18) 


LEME BREE LEO LNT AOI! ICE TICE EOE ee ARR LU ESLE © TERETE SE EE ROOMY CIES RIOT TER EL OLE IE UTIL MIMS LPNS GOES TEES Y YER EARN LIOR SEAR Fs ESET ENE NSAI. ELMER 


Quad bilateral switches | PC74HC/HCT4016 
| SSI 


DC CHARACTERISTICS FOR 74HCT 


Voltages are referenced to GND (around ~ 0 V) 


| - amb 0) |___TEST CONDITIONS — 
74HCT 
SYMBOL | PARAMETER ss} = == UNIT | Vcc | Vv; | OTHER 
~40 to +85 | -40to +125 V 
nena = 
min. typ ae min. n. | max. 
Suture : eieen neers 
4.5 
HIGH level input voltage 2.0 | 1.6 2.0 2.0 V to 


—~. ae _ —-—$}——. = 


LOW level input voltage 


input leakage current 


een | 


analog switch OF F-state vs! 7 GND 
current per channel see Fig 7) 


Vol= 
Vec- GND 
(see Fig. 8) 


analog switch ON-state 
current 


fee a 
Vig = GND or 
quiescent supply current Vcc: Vos = 


D 
Vcc or GN 4 


additional quiescent supply 
current per input pin for 
unit load coefficient is 1 

(note 1) 


other inputs 
at Vcc or 
GND 


Note 


1. The value of additional quiescent supply current (Algc) for a unit load of 1 is given here. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 


in . 
UNIT LOAD 
INPUT | COEFFICIENT 
Ee 1.00 


a een 
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PC74HC/HCT4016 
SSI 


AC CHARACTERISTICS FOR 74HCT 


GND=0 V; tp =t¢=6ns; Cy = 50 pF 
Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc | OTHER . 


-40 to +85 | -40t0 +125 v 


tpHL/ propagation delay Ri =; Cy = 50 pF 
tPLH Vis to Vos (see Fig. 16) 
turn “ON” time RL =1k;C, = 50 pF 
'PZH En to Vos (see Figs 17 and 18) 
t turn ‘‘ON” time Ru =1kQ; Cy = 50 pF 
PZL Ep to Vos (see Figs 17 and 18) 
tpHz/ turn “OFF” time Rv=1kQ; Cy = 50 pF 
tPLzZ En to Vos (see Figs 17 and 18) 


ADDITIONAL AC CHARACTERISTICS FOR 74HC/HCT 


Recommended conditions and typical values 


GND=0V;t,;=tp=6ns 


Vv 
SYMBOL | PARAMETER typ. UNIT cc 


“se CONDITIONS 
4.0 Ry =10kQ; C, = 50 pF 
8.0 (see Fig. 14) 
4.0 Ry = 10 kQ; Cy = 50 pF 
8.0 (see Fig. 14) 

R, = 600 £2; C, = 50 pF; 


f = 1 MHz (see Figs 10 and 15) 


sine-wave distortion 0.80 % 

f =1 kHz 0.40 % 

sine-wave distortion : 
f= 10kHz : 


% 
% 


switch “‘OFF”’ signal 
feed-through 


jones 
ww 


dB 
dB 


crosstalk between —60 Ry = 600 2; Cy, = 50 pF; 


any two switches —60 


crosstalk voltage between 
Vv enable or address input 
(p—p) to any switch 
(peak-to-peak value) 
f minimum frequency response 
max (—3dB) 


Notes to AC characteristics 


note 1 f =1 MHz (see Fig. 12) 
Ri = 600 2; C; = 50 pF; 
f = 1 MHz (Ep, square wave 
between Vcc and GND, 
tr = t¢ =6ns) (see Fig. 13) 
R,_ = 50 2; Cy, = 10 pF 
(see Figs 11 and 14) 


110 
220 


mV 
mV 


— DN 
NO 
oOo 


MHz 
MHz 


p 


General note 

Vis is the input voltage at a Y, or Z, terminal, whichever is assigned as an input. 
Vos is the output voltage at a Y, or Z, terminal, whichever is assigned as an output. 
Notes 


1. Adjust input voltage Vj, to 0 dBm level (0 dBm = 1 mW into 600 &). 
2. Adjust input voltage Vj, to 0 dBm level at Vog for 10 kHz (0 dBm = 1 mW into 50 22). 
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Quad bilateral switches PC74HC/HCT4016 
SSI 


7293945 


HU | er 
eet 
Pe EET 
ey 


10 102 103 104 108 


Fig. 10 Typical switch ‘“‘OFF”’ signal 
feed-through as a function of frequency. 


7293990 


Note to Figs 10 and 11 
Test conditions: 
Vec =4.5 V; GND=OV; 


i 
PLT Et LIN 
on nC 
PE ETT TEE ETT 
PE 


10 104 705 


Fig. 11 Typical frequency response. 
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PC74HC/HCT4016 
SSI 


Vis ——| 


1 pF 


channel 
ON 


(a) 


channel 
OFF 


7Z93970 


Fig. 12 Test circuit for measuring crosstalk between any two switches. 
(a) channel ON condition; (b) channel OFF condition. 


(CAA mares cRNA A AF Se eer ER Sn aera Ree 


Note to Fig. 13 


Vec 
The crosstalk is defined as follows 
2R (oscilloscope output): 
sana is 


oscilloscope 


! 7293971 


Fig. 13 Test circuit for measuring crosstalk between 
contro! and any switch. 


7293949 
GND 


channel 
OFF 


channel 
ON 


7293972 7293973 


Fig. 14 Test circuit for measuring sine-wave 
distortion and minimum frequency response. 


Fig. 15 Test circuit for measuring switch “OFF” 
signal feed-through. 


eM RCH REA mn 
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Quad bilateral switches PC74HC/HCT4016 
SSI 


AC WAVEFORMS 


Vos OUTPUT 
ee 


7293306.1 


switch sae 


7293307.2 “ON” 


Fig. 16 Waveforms showing the input (Vis) to Fig. 17 Waveforms showing the turn-ON and 
Output (Vos) propagation delays. turn-OFF times. 


Note to AC waveforms 
(1) HC : Vyy = 50%; Vj = GND to Vcc. 
HCT: Vy =1.3V; Vy = GND to 3 V. 
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PC74HC/HCT4016 
SSi 


TEST CIRCUIT AND WAVEFORMS 


Vec Vis Vcc 
AMPLITUDE 
NEGATIVE 
: : ae INPUT 
U 
PULSE 
=e ag O open 
GENERATOR OV 
SWITCH 
oe GND AMPLITUDE 
7 7293974 POSITIVE 
INPUT 
PULSE 
Ov 
Conditions 7Z87476.3 


SED Fig. 19 Input pulse definitions. 


'PZH 


tPZL 
tPHZ 


tPLZ 
others - 


Fig. 18 Test circuit for measuring AC performance. 


. Definitions for Figs 18 and 19: 


C,_ = load capacitance including jig and 

probe capacitance 

(see AC CHARACTERISTICS for 

values). 

termination resistance should be equal 

to the output impedance Zo of the 

pulse generator. 

ty = t¢=6ns; when measuring frygx, there 
is NO constraint on t,, t¢ with 50% 
duty factor. 


fmax: 
PULSE WIDTH 


FAMILY | AMPLITUDE | Vy 


74HC | Vcc 50% 
| 74HCT | 3.0V 


RT 
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PC74HC/HCT4017 
MSI 


JOHNSON DECADE COUNTER WITH 10 DECODED OUTPUTS 


FEATURES 


© Output capability: standard 
® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4017 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the 4017” of the 
“4000B” series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4017 are 5-stage 

Johnson decade counters with 10 decoded 
active HIGH outputs (Og to Qg), an 
active LOW output from the most 
significant flip-flop (Q5.9), active HIGH 
and active LOW clock inputs (CP and 
CP) and an overriding asynchronous 
master reset input (MR). 


The counter is advanced by either a 
LOW-to-HIGH transition at CPg while 
CP, is LOW or a HIGH-to-LOW 
transition at CPy while CPg is HIGH 
(see also function table). 


When cascading counters, the O5_9 
output, which is LOW while the counter 
is in states 5, 6, 7, 8 and 9, can be used 
to drive the CPg input of the next 
counter, 


A HIGH on MR resets the counter to zero 
(Qo = O5.9 = HIGH; Q] to Qg = LOW) 
independent of the clock inputs (CPg and 
CP}). 


Automatic code correction of the counter 
is provided by an internal circuit: 
following any illegal code the counter 
returns to a proper counting mode within 
11 clock pulses. 


7Z93662 


Fig. 1 Pin configuration. 


SYMBOL PARAMETER CONDITIONS UNIT 
7 


67 MHz 


tpHL/ propagation delay 
tPLH CPg, CP, to OQ, 
CC 

maximum clock frequency 


C, input capacitance 


power dissipation 


Cep capacitance per package 


GND = 0 V; Tamb =25 °C; ty = te = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + © (CL x Vcc? x fo) where: 


fj = input frequency in MHz CL = output load capacitance in pF 


fo = output frequency in MHz VCC 
x (C) x Vcc? x fg) = sum of outputs 

. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj} = GND to Vcc — 1.5 V 


supply voltage in V 


NO 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4017P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4017T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


3, 2,4, 7, 10, 
1,5, 6,9, 11 
8 ground (0 V) 

12 Oc. carry output (active LOW) 

13 cP clock input (HIGH-to-LOW, edge-triggered) 
14 clock input (LOW-to-HIGH, edge-triggered) 
15 master reset input (active HIGH) 


decoded outputs 


16 positive supply voltage 


[ CTRDIV10/ — 


aon On F&F W HY —- OO 


7293663 


7Z93664 


Fig. 2 Logic symbol. Fig. 3 1EC logic symbol. 
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PC74HC/HCT 4017 
MSI 


FUNCTION TABLE 


Qo = O5.9 = H; 
Q1 to Ag=L 
counter advances 
counter advances 
no change 

no change 

no change 

no change 


eS 5 — STAGE JOHNSON COUNTER 
DECODING AND OUTPUT CIRCUITRY 
ESC CCH Cc 
3.972 [4 |7 110 41 5 16 {9 


H 
L 
L 
L 
L 
L 
L 


7Z93665 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

Fig. 4 Functional diagram. = LOW-to-HIGH clock transition 
, = HIGH-to-LOW clock transition 


CP, 


MR 


I 


¢ 


O 
w 
i= 
> 
O 
ol 
O 
a 


7Z93666 


Fig. 5 Logic diagram. 
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Johnson decade counter with 10 decoded outputs PC74HC/HCT4017 
MSI 


CPg INPUT 
CP, INPUT 


MR INPUT 


Qg OUTPUT 


Q, OUTPUT 


Qj OUTPUT 


Q3 OUTPUT 


Q4 OUTPUT 


Q, OUTPUT 


Qg OUTPUT 


Q7 OUTPUT 
Qg OUTPUT 
Qg OUTPUT 


Qg_g OUTPUT 
7293671 


Fig. 6 Timing diagram. 
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-PG74HC/HCT4017 


698 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section “Family specifications”. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND=OV;t,= ts =6 ns; Cy = 50 pF 


SYMBOL | PARAMETER 


tpH./ propagation delay 
tpHL/ propagation delay 
tPLH CPg to 5.9 


propagation delay 
CP, to O, 


propagation delay 
CP, to Q5.9 


propagation delay 
MR to Q41_9 


propagation delay 
MR to Q5.9, Qo 


clock pulse width 
HIGH or LOW 


master reset pulse 
width; HIGH 


removal time = 
MR to CPo, CP 


set-up time 
CP 4 to CPo; 
CPg to CP 4 


hold time _ 
CPo to CP4; 
CP, to CPg 


frequency 


January 1986 


output transition time 


maximum clock pulse 


Tamb (°C) 


+25 —40 to +85 | —40 to +125 


TEST CONDITIONS 


UNIT WAVEFORMS 
Vv 


~ 
b 
- 
O 


01 &) 
kw 

oO 
on 
ko 


290 
58 
49 


oO) 
1a) 


oe 

< 

Tt 
WPHN 
OO D W 
© 


]NO)/2N0 | 2 NOD|/|AHNAD |] —N 
& O1N 
Wodc 
oO 
O1 O) & 
oO 
oa 


Fig. 9 


O1 & Ww 
Ooh 
ol 


on 
fol 


345 


46 69 Fig. 9 
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Johnson decade counter with 10 decoded outputs PC74HC/HCT4017 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘-HCMOS family characteristics’, section ‘‘Family specifications”. 


Output capability: standard 
Icc category: MS! 
Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT | COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t,-= tz =6 ns; C) = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 


—40 to +85 
on 
: 
=i 
ns 
ns 


propagation delay 
CP, to QO, 


propagation delay 
CP to Q5.9 


propagation delay | 22 
MR to Q1_9 


propagation delay 
MR to Qs.9, Qo 


output transition time ns 


clock pulse width 
HIGH or LOW 


N 
io) 
oO 
et 


le 

_ 

on 

on 
= on 
© ee) 


master reset pulse 
width; HIGH 


removal time a, 
MR to CPo, CP4 


set-up time 
CPg to CP 


— 
ioe) 


hold time __ 


th CPo to CP}; 10 | 6 
CP, to CPg 


maximum clock pulse 
Fmax frequency 2 


NO —_ 
> io) 


January 1986 699 


‘PC74HC/HCT4017 


AC WAVEFORMS 


700 


CP INPUT .. 


CP, INPUT 


7Z93668 


Fig. 7 Waveforms showing hold and set-up times for CP9 to 


CP, and CP, to CPo. 


CPp INPUT 


CP, INPUT 


MR INPUT 


>| tPHL + 


Qq, A5_g 
OUTPUT 


Vu) 


tl tepy i 7Z93669 


Fig. 8 Waveforms showing the minimum pulse widths for CP, 
CP, and MR inputs; the recovery time for MR and the | 
propagation delays for MR to Oy, and Os. g outputs. 


Note to Figs 8 and 9 


Conditions: 

CP = LOW while CP9 is triggered on a LOW-to-HIGH 
transition and CPg = HIGH, while CP} is triggered on a 
H!GH-to- LOW transition. 


January 1986 


CPg INPUT 


Fig. 9 Waveforms showing the propagation delays for CPo, 
oe. to Qn, O5.g outputs and the output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vj = GND to Vcc 
HCT: Vy =1.3V; Vj = GND to 3V. 


Johnson decade counter with 10 decoded outputs PC74HC/HCT4017 
: MsI 


APPLICATION INFORMATION 


Some applications for the “4017” are: Figure 10 shows a technique for extending the number of 
decoded output states for the 4017”. 


e@ Decade counter with decimal decoding Haceded ‘al withi h ; 

e J out of n decoding counter (when cascaded) ecoded outputs are sequential within each stage and rom 
e Sequential controller Stage to stage, with no dead time (except propagation delay). 
e Timer 


e,—_—~ 
8 decoded 8 decoded 
outputs outputs outputs 
clock asics eee 7293667 
first stage intermediate stages last stage 


Fig. 10 Counter expansion 


Note to Fig. 10 


It is essential not to enable the counter on CP4 
when CPg is HIGH, or on CPg when CP, is LOW, 
as this would cause an extra count. 
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PC74HC/HCT4020 
MSI 


14-STAGE BINARY RIPPLE COUNTER 


TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 


propagation delay 
tpHL/ CP to Qo 11 15 ns 
tPLH Q, to An+4 6 6 ns 
MR to Oy 17 19 ns 


maximum clock frequency MHz 
The counter is advanced on the HIGH-to- 


power dissipation notestand2 | 19 | 20 | pF 
Capacitance per package 
LOW transition of CP. Notes 


GND = OV; Tamb = 25 °C; ty = te = 6 ns 
A HIGH on MR clears all counter stages 1. Cpp is used to determine the dynamic er dissipation (Pp in pW): 
and forces all outputs LOW, independent ie ; y ane issipation (Pp in # 
of the state of CP. Pp =Cpp x Vcc’ x fi+ 2 (CL x VCC’ x fo) where: 
Each counter stage is a static toggle output load Capacitance in pF 
flip-flop. supply voltage in V 


FEATURES 


® Output capability: standard 
® icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4020 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the ‘’4020” of the: 
“‘A000B” series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4020 are 14-stage 

binary ripple counters with a clock input 
(CP), an overriding asynchronous master 
reset input (MR) and twelve fully 

buffered parallel outputs (Qo, A3 to Q73). 


Ww 


fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
X (Cy x Vcc? x fg) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj} = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4020P: 16-lead DIL; plastic (SOT-382Z). 
PC74HC/HCT4020T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 
/PINNO. | SYMBOL NAME AND FUNCTION 


Qo, Q3 to Q13 parallel outputs 


GND ground (0 V) 

CP clock input (HIGH-to-LOW, edge-triggered) 
MR master reset input (active HIGH) 

Vcc positive supply voltage 


oo nm oO fF W OO 


7293380 7293381 7Z93382 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74 


704 


HC/HC 


7293387 


T4020 


CP INPUT 
MR INPUT 
Qg OUTPUT 
Q3 OUTPUT 
Q4 OUTPUT 
Qg OUTPUT 
Qg OUTPUT 
Q7 OUTPUT 
Qg OUTPUT 
Qg OUTPUT 
Q 49 OUTPUT 
Q44 OUTPUT 
Q 42 OUTPUT 


Q43 OUTPUT 
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Fig. 4 Functional diagram. 


729338313 


Fig. 5 Logic diagram. 


16 32 64 128 256 


FUNCTION TABLE 


INPUTS OUTPUTS 


t L no change 
1 L count 
X H L 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

t = LOW-to-HIGH clock transition 
1 = HIGH-to-LOW clock transition 


512 1024 2048 4096 8192 16384 


oy ig oo gle pO tp cae py pO pt lO cl wt i Bt mg 


— 


SNe a [ey a a sy eg Ea, A Ha Fee 
gece ee ee a ee 
oe eee, 
tne nee ar) OO gy Og Pc (ee 
been Sa a es Veh ee, 
ae ees eT lee 


7293386 


Fig. 6 Timing diagram. 


14-stage binary ripple counter PC74HC/HCT4020 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV; t, = t= 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 


74HC 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
4010 +85 | —40 to +125 y 
0m 
2.0 


propagation delay 
CP to Qg 


4.5 Fig. 7 


propagation delay 


propagation delay 
MR to Oy, 


output transition time 


m 0 NO 

NO 
— — J] 
Woo 


clock pulse width 
HIGH 


master reset pulse width 
H!GH 


removal time 
MR to CP 


maximum clock pulse 
frequency 
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“MSI 


DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’. 
Output capability: standard 

Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT COEFFICIENT 
CP 


AC CHARACTERISTICS FOR 74HCT 
GND =OV;t, = tp=6ns;C; = 50 pF 


pa = (°C) TEST CONDITIONS 


ACT 
SYMBOL | PARAMETER 


propagation aw 
CP to aw 


ses delay 


Ni NO et 
< 
o 


removal time 
MR to CP 
maximum clock pulse 
fmax frequency 


nN — 

oO oO 
ae 

~ 
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14-stage binary ripple counter 


AC WAVEFORMS 


CP INPUT 


Q, OUTPUT 


7293384 


Fig. 7 Waveforms showing the clock (CP) to 
output (Q,,) propagation delays, the clock 
pulse width, the output transition times and the 
maximum clock frequency. 


Note to AC waveforms 
(1) HC : Vy = 50%; V) = GND to Vcc. 
HCT: Vy = 1.3 V; Vy = GND to 3V. 


PC74HC/HCT4020 
MSI 


MR INPUT 


CP INPUT 


Q,, OUTPUT 


7293385 


Fig. 8 Waveforms showing the master reset (MR) 
pulse width, the master reset to output (Q,) 
propagation delays and the master reset to clock 
(CP) removal time. 
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PC74HC/HCT4024 
Ms! 


7-STAGE BINARY RIPPLE COUNTER 


FEATURES 


® Output capability: standard 
® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4024 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the 4024” of the 
“‘4000B”" series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4024 are 7-stage 

binary ripple counters with a clock input 
(CP), an overriding asynchronous master 
reset input (MR) and seven fully 
buffered parallel outputs (Og to Og). 


The counter advances on the HIGH-to- 
LOW transition of CP. 


A HIGH on MR clears all counter stages 
and forces all outputs LOW, independent 
of the state of CP. 


Each counter stage is a static toggle 
flip-flop. 


APPLICATIONS 


@ Frequency dividing circuits 
@ Time delay circuits 


7Z93871 


Fig. 1 Pin configuration. 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in nW): 
Pp =Cpp x Vcc’ x fj + = (CL x VCC? x fo} where: 


output load capacitance in pF 
supply voltage in V 


fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
& (Cy x Vcc? x fy) = sum of outputs 

2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj} = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4024P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT4024T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


|PINNO. SYMBOL NAME AND FUNCTION 


1 clock input (HIGH-to-LOW, edge-triggered) 


2 master reset input (active HIGH) 
a 9, 6, parallel outputs 

7 ground (0 V) 

8, 10, 13 not connected 


14 positive supply voltage 


7293873 7293872 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PO/4HC/HCT 4024 
Msi 


a TABLE 


| INPUTS OUTPUTS 
mn 


t no change 
: count 
L 


H = HIGH voltage level! 

L = LOW voltage level 

X = don’t care 

Fig. 4 Functional diagram. + = LOW-to-HIGH clock transition 
1 = HIGH-to-LOW clock transition 


Q 
7293874 6 


Fig. 5 Logic diagram. 


710 January 1986 


7-stage binary ripple counter PC74HC/HCT4024 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘“‘HCMOS family characteristics”, section ‘Family specifications”’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0V;t, = tf =6 ns; C, = 50 pF 


y Tamb (-C) TEST CONDITIONS 


74HC 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
—40 to +85 | —40 to +125 V 
tPHL/ propagation delay re 3 ns: a5 Fig. 6 
tPLH CP to Qg 37 45 6.0 
propagation delay a re 

43 51 6.0 
24 
20 


£ 
Z 
a 
° 


WW 
Sl 


200 


Fig. 6 


propagation delay 
Qn to On+4 


MR to Qg 
100 120 2.0 
20 24 ns 4.5 
17 20 6.0 
110 2.0 
22 ns 4.5 
19 6.0 
2.0 
4.5 
6.0 
120 2.0 
24 ns 4.5 
20 6.0 


Fig. 6 


output transition time 


clock pulse width 
HIGH or LOW 


—_ — 00 
oO 


o~ NON [| PND )| Hf |S 
-_ A) = 
wee 


=-n/-=20 lwo 
WAG |ARDG | RO 


Fig. 6 
Fig. 6 


master reset pulse width 
HIGH 


NO 
oO 


= — ©) 
-—-O0 01 
— = J 
Wood 
a 
“n 
Om PN 
ono 


17 


removal time 
MR to CP 


Oo —— 0 
hoo 

OOMON | MND | ®D Wh 
On NS NO 


maximum clock pulse 


f 30 
requency 


35 
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_PC74HC/HCT4024 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section “Family specifications”’. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


0.75 
0.85 


INPUT 
cP 
MR 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V;t, = t¢ = 6 ns; C_ = 50 pF 


TEST CONDITIONS | 


UNIT WAVEFORMS 


Vv ‘ 
as [ree 


Tamb (°C) 


74HCT 


+25 —40 to +85 | —40to+125 


SYMBOL | PARAMETER 


propagation delay 
CP to Qo 


tPHL/ 
tPLH 


propagation delay 


‘PHL MR to Qo 


a 
< 


tpHL/ propagation delay 
Qn to On+] 


r+ 
aa 
- 
me 


tTHL/ output transition time 


~ ond 

W 

ol 

NO NO o 


clock pulse width 
HIGH or LOW 


master reset pulse width 
HIGH 


removal time 


trem MR to CP 


NO NO 


maximum clock pulse 


max frequency 


_ N No 
N 


7 zg [Z| 
E 
<I 

128) 

o 


NO 
8 
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7-stage binary ripple counter ~PC74HC/HCT4024 
MSI 


AC WAVEFORMS 


MR INPUT 


CP INPUT 


QgorQ, 
OUTPUT 


7293876 


Fig. 6 Waveforms showing the clock (CP) to output (Q,) 
propagation delays, the clock pulse width, the output 
transition times and the maximum clock frequency. 


Also showing the master reset (MR) pulse width, the 
master reset to output (Q,) propagation delays and the Note to AC waveforms 


master reset to clock (CP) removal time. (1) HC : Vpq = 50%; V; = GND to Vcc. 
HCT: Vy =1.3V; V) = GND to 3V. 
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PC74HC/HCT 4040 
MSI 


12-STAGE BINARY RIPPLE COUNTER 


FEATURES 


® Output capability: standard 
® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4040 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the ‘“4040” of the 
“4000B” series. They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT4040 are 12-stage 

binary ripple counters with a clock input 
(CP), an overriding asynchronous master 
reset input (MR) and twelve parallel 
outputs (Qg to O44). 


The counter is advances on the HIGH-to- 
LOW transition of CP. 


A HIGH on MR clears al! counter stages 
and forces all outputs LOW, independent 
of the state of CP. 


Each counter stage is a static toggle 
flip-flop. 


APPLICATIONS 

@ Frequency dividing circuits 
@ Time delay circuits 

® Control counters 


7293877 


Fig. 1 Pin configuration. 


“i TYPICAL 


SYMBOL PARAMETER CONDITIONS -- Sa 
HC HCT 
propagation delay | 
a CP to Og Cy) = 16 pF 14 | 16 
i Vec=5V lee ; 
fmax maximum clock frequency 90 79 
C) input capacitance 3.5 Re) 
Cpp Power-dlss| parlor notes tand2 | 20 | 20 


capacitance per package 


GND =O V; Tamb = 25 °C; ty = t¢ = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x VCC’ x fj + = (CL x VCC? x fo) where: 


f| = input frequency in MHz Ci = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
x (Cy x Voc? x fo) = sum of outputs 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4040P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4040T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


NAME AND FUNCTION 


ground (0 V) 


PIN DESCRIPTION 


-PINNO. | SYMBOL 


8 

9, 7,6, 5, 3, 

2,4, 13, 12, parallel outputs 
14, 15, 1 


clock input (HIGH-to-LOW, edge-triggered) 
master reset input (active HIGH) 


10 
11 
16 


positive supply voltage 


onan Oo TO FP WH NY = O 


heen 7293879 


Fig. 2 Logic symbol. 


Fig. 3 IEC logic symbol. 
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FUNCTION TABLE 


INPUTS OUTPUTS 
| we | 


12-STAGE COUNTER L no change 
L count 
H L 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

* = LOW-to-HIGH clock transition 
1 = HIGH-to-LOW clock transition 


7Z93881 


Fig. 5 Logic diagram. 
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12-stage binary ripple counter |. PC74HC/HCT 4040 
a\ Msi 


DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter “HCMOS family characteristics’’, section ‘Family specifications”. 
Output capability: standard 

Icc category: MS| 

AC CHARACTERISTICS FOR 74HC 


GND = 0 V; t-= te =6 ns; Cy = 50 pF 


TEST CONDITIONS 


Vcc | WAVEFORMS 
Vv 


Tamb (°C) 
74HC 
SYMBOL | PARAMETER UNIT 


ein | yp, [an | in| mans | nin | man 
tpH/ propagation delay - i 
tPLH CP to Qo 14 26 33 
| 28 | 100 125 
propagation delay 10 | 20 25 
Qn to On+4 8 17 21 
61 | 185 230 
propagation delay 22 
MR to Qn 18 
output transition time Z a : 
clock pulse width en 20 a 
HIGH or LOW 14 17 


master reset pulse 
width; HIGH 


oO) 
oa 


— —= Sj W W 
— AQ <= _ 
; “NOOO Oo 
Oo o 

= — (© Ww 


removal time 
MR to CP 


= 
WO 


maximum clock pulse 
frequency 


— — © 

hoo 
OMAN | NWA | HMDAN] HOH | ON 
OnN™N NO > © 
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DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘Family specifications”. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


AC CHARACTERISTICS FOR 74HCT 


GND =0 V;t,= t¢ =6 ns; Cy = 50 pF 


Tamb (°C) 


74HCT 7 
UNIT | Vcc | WAVEFORMS 


SYMBOL | PARAMETER 


+25 —40 to +85 | —40to +125 


propagation delay 
CP to Oo 


a 
2 
ron) 


propagation delay 
Qpy to On+1 


ae 
= 
rep) 


propagation delay 
MR to O, 


output transition time 


clock pulse width 
HIGH or LOW 


a. 
-— 
rep) 


NO 
8 
© 
or 
a 
o 
n 
aS p 
o oO < 
7 
[co] 
fo) 


master reset pulse 
width; HIGH 


removal time 
MR to CP 


f maximum clock pulse 30 |72 24 20 MHz 
max frequency 


trem 


ne 
_ 
ice) 
—_ 
oO 
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12-stage binary ripple counter PC74HC/HCT4040 
MSI 


AC WAVEFORMS 


MR INPUT 


CP INPUT 


QgorQ,, 
OUTPUT 


7293882 


Fig. 6 Waveforms showing the clock (CP) to output (Qpy) 
propagation delays, the clock pulse width, the output 
transition times and the maximum clock pulse frequency. 


Also showing the master reset (MR) pulse width, the Note to AC wavetouns 


master reset to output (Q,,) propagation delays and the ‘ 
master reset to clock (CP) removal time. (1) HC : Vay = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; V, = GND to 3V. 
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PC74HC/HCT4046A 
MSI 


PHASE-LOCKED-LOOP WITH VCO 


FEATURES 

@ Low power consumption 

@ Centre frequency of up to 
17 MHz (typ.) at Vec = 4.5 V 

@ Choice of three phase comparators: 
EXCLUSIVE-OR; 
edge-triggered JK flip-flop; 
edge-triggered RS flip-flop 

@ Excellent VCO frequency linearity 

@® VCO-inhibit control for ON/OFF 
keying and for low standby 
power consumption 

@ Minimal frequency drift 

@ Operating power supply voltage 
range: 
VCO section 3.0 to 6.0 V 
digital section 2.0 to 6.0 V 

e Zero voltage offset due to op-amp 
buffering 

@ Output capability: standard 

©® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4046A are high-speed 
Si-gate CMOS devices and are pin 
compatible with the ‘‘4046” of the 
“‘4000B” series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4046A are phase-locked- 
loop circuits that comprise a linear 
voltage-controlled oscillator (VCO) and 
three different phase comparators (PC1, 
PC2 and PC3) with a common signal input 


amplifier and a common comparator input. 


7296023 


Fig. 1 Pin configuration. 


SYMBOL PARAMETER 


CONDITIONS 


VCO centre frequency 


power dissipation 
capacitance per package 


GND = 0 V; Tamb = 25 a 


Note 1 


Applies to phase comparator section only (VCO disabled). 
For power dissipation of VCO and demodulator sections 
see Figs 22, 23 and 24, 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4046AP: 16-lead DIL; plastic (SOT-382Z). 
PC74HC/HCT4046AT: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


APPLICATIONS 


The signal input can be directly coupled e 
to large voltage signals, or indirectly e 
coupled (with a series capacitor) to small 
voltage signals. A self-bias input circuit 
keeps small voltage signals within the linear 
region of the input amplifiers. With a 
passive low-pass filter, the ‘“4046A” forms 
a second-order loop PLL. The excellent 
VCO linearity is achieved by the use of e 
linear op-amp techniques. 


FM modulation and demodulation 
Frequency synthesis and 
multiplication 

Frequency discrimination 

@ Tone decoding 

Data synchronization and 
conditioning 
Voltage-to-frequency conversion 
@® Motor-speed control 


(continued on next page) 


@ 
PLL 


PCOII 
PCOIII 
PP 


7296025 
7296024 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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- PC74HC/HCT4046A 
MSI 


PIN DESCRIPTION | — 7 = | GENERAL DESCRIPTION (Cont'd) 


: — os 7 Seer vco 7 . 
se litdaaa nee ees ~The VCO requires one external capacitor 


C1 (between C1, and C1) and one > 


rator pulse output . 
bites Conmeretor syne ane external resistor R1 (between Ry and 


1 
2 phase comparator 1 output GND) or two external resistors R1 and R2 
3 comparator input (between Ry and GND, and Rg and GND). 
Resistor R1 and capacitor C1 determine 
2 yer a the frequency range of the VCO. Resistor 
5 inhibit input R2 enables the VCO to have a frequency 
6 capacitor C1 connection A offset if required. . 
7 capacitor C1 connection B The high input ee of the VCO | 
. simplifies the design of low-pass filters by 
ground ON . giving the designer a wide choice of 
9 VCO input resistor/capacitor ranges. In order not to 
demodulator output load the low-pass filter, a demodulator 


output of the VCO input voltage is 
‘ provided at pin 10 (DEMoyrT). In contrast 
resistor R2 connection | to conventional techniques where the 
phase comparator 2 output DEMouT voltage is one threshold voltage 
signal input lower than the VCO input voltage, here 
the DEMoyT voltage equals that of the 
phase comparator 3 output VCO input. If DEMoyT is used, a load 
positive supply voltage resistor (Rg) should be connected from 
DEMouT to GND; if unused, DEMout 
should be left open. The VCO output 
(VCOguT) can be connected directly to 
the comparator input (COMP ;,\), or 
connected via a frequency-divider. The 
VCO output signal has a guaranteed duty 
factor of 50%. A LOW level at the inhibit 
input (INH) enables the VCO and 
demodulator, while a HIGH level turns 
both off to minimize standby power 
consumption. 


resistor R17 connection 


4 Phase comparators 


The signal input (S1Gj\y) can be directly 
‘7 V7 coupled to the self-biasing amplifier at 
pin 14, provided that the signal swing is 
PHASE between the standard HC family input 
| COMPARATOR 
1 


logic levels. Capacitive coupling is required 
for signals with smaller swings. 


PHASE 


=? COMPARATOR - Phase comparator 1 (PC1) Pes 
: ||. This isan EXCLUSIVE-OR network. The 

ares _ Signal and comparator input frequencies 
COMPARATOR | PCPoyr |; (fj) must have a 50% duty factor to obtain 

2 the maximum locking range. The transfer 


\V,, , 
characteristic of PC1, assuming ripple 
(f; = 2f;) is suppressed, is: 


-V Boat 
zee | | WDEMOUT = —2(9SiGIN — SCOMPIN) | 


where VpEmoOuT is the demodulator 
output at pin 10; 


VpEMOUT = VPci0uT (via low-pass - 


filter). | 
The average output voltage from PC1, fed 
to the VCO input via the low-pass filter 
and seen at the demodulator output at 
pin 10 (VpEMouT). is the resultant of 

ia. . . the phase differences of signals (SIGjjy) 
Pls -ranctional disarer: and the comparator input (COMP y) as 
shown in Fig. 6. The average of VpEMOUT 
is equal to 1/2 Vcc when there is no signal 


722 January 1986 


Phase-locked-loop with VCO 


C1 


or noise at SIGjjy and with this input the 
VCO oscillates at the centre frequency (fo). 
Typical waveforms for the PC1 loop locked 
at fg are shown in Fig. 7. 


The frequency capture range (2f,) is 
defined as the frequency range of input 

_ signals on which the PLL will lock if it was 
initially out-of-lock. The frequency lock 
range (2f,) is defined as the frequency 
range of input signals on which the loop 
will stay locked if it was initially in lock. 
The capture range is smaller or equal to 
the lock range. 


With PC1, the capture range depends on 
the low-pass filter characteristics and can 
be made as large as the lock range. 

This configuration retains lock even with 
very noisy input signals. Typical behaviour 
of this type of phase comparator is that it 
can lock to input frequencies close to the 
harmonics of the VCO centre frequency. 


Fig. 5 Logic diagram. 


7296027 


VDEMOUT (AV) 


1/2 Veg + — — — 


90° 1 
SDEMOUT 


Fig. 6 Phase comparator 1: average 
Output voltage versus input phase 
difference: 


VDEMOUT = VPC10UT = 


V 
—£L($51G1IN — ¢COMPIN) 


$DEMOUT = ($SIGIN — ¢COMPIN): 


Msi 


7Z96055 


— Vcc 


FOS Se 


——— GND 
7Z96028 


Fig. 7 Typical waveforms for PLL using 
phase comparator 1, loop locked at fg. 
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GENERAL DESCRIPTION (Cont’d) 


Phase comparators (Cont'd) 


Phase comparator 2 (PC2) 


This is a positive edge-triggered phase and 
frequency detector. When the PLL is 
using this comparator, the loop is 
controlled by positive signal transitions 
and the duty factors of SIGjjy and 
COMP), are not important. PC2 
comprises two D-type flip-flops, 
control-gating and a 3-state output stage. 
The circuit functions as an up-down 
counter (Fig. 5) where SIGj,y causes an 
up-count and COMP),\y a down-count. 
The transfer function of PC2, assuming 
ripple (f, = f;) is suppressed, is: 


V 
VDEMOUT = -4“(@s1GIN — $COMPIN) 


where VpEMOUT is the demodulator 
output at pin 10; 


VDEMOUT = VPC20UT (via low-pass 
filter). 


Voc 


VDEMOUT (AV) 


1/2 Vec 


+ 
SDEMOUT 


The average output voltage from PC2, fed 
to the VCO via the low-pass filter and seen 
at the demodulator output at pin 10 | 

(Vp EMOUT), is the resultant of the phase 
differences of SIGjny and COMP) jy as 
shown in Fig. 8. Typical waveforms for the 
PC2 loop locked at fy are shown in Fig. 9. 


When the frequencies of S1Gj,y and 
COMP, are equal but the phase of SIG; 
leads that of COMP jy, the p-type output 
driver at PC29T is held ‘‘ON” for a time 
corresponding to the phase difference 
(¢DEMOUT). When the phase of SIG) jy 
lags that of COMP yj, the n-type driver is 
held “ON”. 


When the frequency of SIGj;jq is higher 
than that of COMP ;n, the p-type output 
driver is held “ON” for most of the input 
signal cycle time, and for the remainder of 
the cycle both n and p- type drivers are 
“OFF” (3-state). If the SIGj,y frequency 
is lower than the COMP ,\y frequency, then 
it is the n-type driver that is held “ON” 
for most of the cycle. Subsequently, the 


7Z96029 


voltage at the capacitor (C2) of the 
low-pass filter connected to PC29yT 
varies until the signal and comparator 
inputs are equal in both phase and 
frequency. At this stable point the voltage 
on C2 remains constant as the PC2 output 
is in 3-state and the VCO input at pin 9 is 
a high impedance. Also in this condition, 
the signal at the phase comparator pulse 
output (PCPOyT) is a HIGH level and so 
can be used for indicating a locked 
condition. 


Thus, for PC2, no phase difference exists 
between SIGjjy and COMP), over the full 
frequency range of the VCO. Moreover, 
the power dissipation due to the low-pass 
filter is reduced because both p and n-type 
drivers are ‘‘OFF”’ for most of the signal 
input cycle. It should be noted that the 
PLL lock range for this type of phase 
comparator is equal to the capture range 
and is independent of the low-pass filter. 
With no signal present at SIGjj\y the VCO. 
adjusts, via PC2, to its lowest frequency. 


SiG { | { | f | 
COMP iy 
VCOouT ee Pane ee 
St his 
PC2ouT Vi SS AO: NS Sh ARNE e AN C8): S| SP: ELON aS: eaaln rmES ee 
--—--— high impedance OFF - state GND 
VCO; Sr age Pe pene te Oe ae 
360° | | + a. | | 
PCPouT 
7296030 


Fig. 8 Phase comparator 2: average output voltage 


versus input phase difference: 
VDEMOUT = VPC20UT = 


VEC ésigin — ¢COMPIN) 


$DEMOUT = (¢SIGIN — ¢COMPIN)- 
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Fig. 9 Typical waveforms for PLL using phase 
comparator 2, loop locked at fo. 


Phase-locked-loop with VCO 


Phase comparator 3 (PC3) 


This is a positive edge-triggered sequential 
phase detector using an RS-type flip-flop. 
When the PLL is using this comparator, 
the loop is controlled by positive signal 
transitions and the duty factors of SIG), 
and COMP), are not important. The 
transfer characteristic of PC3, assuming 
ripple (f, = fj) is suppressed, is: 


V 
VDEMOUT = ~92“(4S1GIN ~ SCOMPIN) 


where VpEMOUT is the demodulator 
output at pin 10; 


VDEMOUT = VPC30UT (via low-pass 
filter). 


Voc 


VDEMOUT (AV) 


---PC74HC/HCT4046A 
MSI 


The average output from PC3, fed to the VCO 
via the low-pass filter and seen at the demod- 
ulator output at pin 10 (VpEMyouT), is 

the resultant of the phase differences of 
S!G}yy and COMP ),\y as shown in Fig. 10. 
Typical waveforms for the PC3 loop 

locked at fg are shown in Fig. 11. 


content of the VCO input signal is higher. 
With no signal present at SIG;j\y the VCO 
adjusts, via PC3, to its highest frequency. 


The phase-to-output response 
characteristic of PC3 (Fig. 10) differs from 
that of PC2 in that the phase angle 
between SIGjjy and COMP, varies 
between 0° and 360° and is 180° at the 
centre frequency. Also PC3 gives a greater 
voltage swing than PC2 for input phase 
differences but as a consequence the ripple 


7Z96031 


SIGN jy i | f | { | 
COMP jy 
MEO GUT, | | | | | | 


mo Nec 
VCO; Be a er a 


~—~ GND 
7Z96032 


Fig. 10 Phase comparator 3: average output voltage 
versus input phase difference: 


VDEMOUT = VPC30UT = 


V 
~S(ésiGin — ¢comPIN) 
PDEMOUT = ($SIGIN — SCOMPIN). 


Fig. 11 Typical waveforms for PLL using phase 
comparator 3, loop locked at fo. 
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RECOMMENDED OPERATING CONDITIONS FOR 74HC/HCT 


74HC 74HCT 

SYMBOL /| PARAMETER UNIT | CONDITIONS 
wp. | wax | 

Vcc | 

Vcc 


DC supply voltage 


DC supply voltage if 
VCO section is not used 


ella sad 
o |o 


DC input voltage range 


< 
Q 
OQ 


DC output voltage range 


operating ambient temperature range 


< 
O 
© 


Tamb operating ambient temperature range +125 
1000 
ty, te input rise and fall times (pin 5) 500 
400 
RATINGS 


Limiting values in accordance with the Absolute Maximum System (1EC 134) 


MAX. | UNIT | CONDITIONS 
2 ee 


mA for V;< -0.5 Vor Vi > Vee +0.5V 


for Vi < -O.5VorVi > Vect+0.5V 


Voltages are referenced to GND (ground = 0 V) 


SYMBOL PARAMETER 
DC supply voltage 


+I | DC input diode current 
evils except Cia, Cig 
DC input diode current 


Cla, Cig 


0 


for Vo < -0.5 Vor Vgo> Vcc + 0.5 V 


= 
150 | = 
| 400 


DC output diode current 


DC output source or sink 
current 


mA for -0.5V< VQg<Vcec+0.5V 


>| > 


DC Vcc or GND current 


Tstg storage temperature range +150 | °C 
power dissipation per package for temperature range: — 40 to +125 °C 
74HC/HCT 
Prot plastic DIL above +70 °C: derate linearly with 8 mW/K 


above +70 °C: derate linearly with 6 mW/K 


plastic mini-pack (SO) 
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Phase-locked-loop with VCO 


MSI 


DC CHARACTERISTICS FOR 74HC 
Quiescent supply current 
Voltages are referenced to GND (ground = 0 V) 


a a . e °C) TEST CONDITIONS 


pH 
SYMBOL | PARAMETER UNIT ree OTHER 


; pins 3, 5, and 14 at Vcc; 
Slee aca erent pin 9 at GND; |y at pins 
3 and 14 to be excluded 


Phase comparator section 


Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT Vee 


725 | 40 w 08 | —aotovtas 


LOW level output voltage 


VOL PCPQUT, PCnouT 


jemin| typ. | max. | min,| max. | min. | max. a 
DC coupled 1.5 | 1.2 1.5 1.5 2.0 
Vin HIGH level input voltage | 3.15| 2.4 3.15 3.15 V 4.5 
SIG}N, COMPIN 4.2 | 3.2 4.2 4.2 6.0 
DC coupled 0.8 2.0 
VIL LOW level input voltage 2.1 Vv 4.5 
SIGin, COMP py 2.8 6.0 
1.9 | 2.0 9 2.0 
Voi pie level Sa voltage 44145 sa Vv 45 
OUT: *’nOUT 5.9 | 6.0 6.0 
Vv HIGH level output voltage | 3.98} 4.32 3.84 Vv 
OH PCPoyt, PCnouT 5.48] 5.81 5.34 
VOL LOW level output voltage V ; ViH 2 é ae ‘ f 
PCPouT, PCnouT O | Vit | 19 =20nA 
0.33 
0.33 


input leakage current 
SIGN, COMPiny 


3-state 
+loz OFF-state current 


PC20UT 


V at self-bias operating 
point; AV; =0.5 V; 
see Figs 12, 13 and 14 


input resistance 
SIGiny, COMP ny 
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DC CHARACTERISTICS FOR 74HC (Cont'd) 
VCO section 


Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 
SYMBOL | PARAMETER UNIT | Vcc | Vj | OTHER 
40 t0 +85 | —40%0 +125 


Vv 
rin |p, | max. | in| mae | on 
: : 3.0 
15] 2. ; é 4.5 
: ; ; ; 6.0 
0. 0.9 0.9 0.9 3.0 
2.1 | 1.35 1.35 1.35 | V 4.5 
2.8 | 1.8 1.8 1.8 6.0 
; ‘ : 3.0 


HIGH level 
input voltage 
INH 


LOW level 
input voltage 
INH 


HIGH level 
output voltage 
VCOQUT 


“HIGH level 
output voltage 
VCOQUT 


LOW level 
output voltage 
VCOouUT 


LOW level 
output voltage 
VCOQUT 


LOW level output 
voltage Cia, Cig 
(test purposes only) 


a als 
ono 


input leakage current 
INH, VCOin 


resistor range 


resistor range 


capacitor range 


over the range 
specified for R1; 
for linearity see 
Figs 20 and 21. 
Refer to note 2 


operating voltage 
range at VCO; 


Notes 


1. The parallel value of R1 and R2 should be more than 2.7 kQ. 
2. The maximum operating voltage can be as high as Vcc — 0.9 V, however, this may result in an increased offset voltage. 
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Demodulator section 


Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 


74HC 


SYMBOL | PARAMETER UNIT | Vcc | OTHER 
+25 —40 to +85 | —40 to +125 V 
eee 
min.| typ. | max. | min.| max. | min. | max. 


300 ; at Rg > 300 kQ2 
resistor range 300 : the leakage current can 
300 a ; influence VDEMOUT 
+30 Vi= Vvcoin = 1/2 Vcc: 


offset voltage 


+20 : values taken over Re range; 
VCO) to VpEMOUT : 


+10 ; see Fig. 15 


; 25 
dynamic output _ 
resistance at DEMQuT ra VpeEmouT = 1/2 Vec 
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AC CHARACTERISTICS FOR 74HC 
Phase comparator section 
GND = 0 V; t, = tf = 6 ns; Cy = 50 pF 


(peak-to-peak value) at 
SIG}, or COMP, 


AC coupled input sensitivity 


Tamb (°C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT | Vcc | OTHER 
—40 to +85 | —40to +125 ; 
nin: [me | i an min [ ma 
t / propagation delay 63 2.0 
oe SIG ij, COMP yyy 23 4.5 | Fig. 16 
PLH to PCloyt 18 
propagation delay 
neal SIGjnN, COMP}, 
to PCPoUT 
propagation delay 
tPHL! SIG iN, COMP) ny 
PLH to PC30uUT 
tTHL/ output transition time 
'TLH 
t / 3-state output enable 
PZH time SIG}, COMP 
tPZL 
to PC2ouT 
3-state output disable 
time SIG}yy, COMP yy 
to PC2oyT 


VCO section 
GND =0V;t, =t¢ = 6 ns; Cy = 50 pF 


PARAMETER 


SYMBOL 


frequency stability 
with temperature 
change 

VCO centre frequency 
(duty factor = 50%) 


VCO frequency linearity 


duty factor at VCOgUT 
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TEST CONDITIONS 


OTHER 


Vi = Vvcoin = 1/2 Vcc: 
R1 = 100 kQ; R2 ==; 
C1 = 100 pF; see Fig. 18 


1/2 Vcc; 
R 


= 00° 
’ 


VVCOIN = 
R1=3kQ; 


t 


C1 = 40 pF; see Fig. 19 


R1 = 100 kQl; R2 = ~; 
C1 = 100 pF; 
see Figs 20 and 21 


Phase-locked-loop with VCO 


PC74HC/HCT4046A 
MSI 


DC CHARACTERISTICS FOR 74HCT 
Quiescent supply current 


Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER 


: pins 3, 5 and 14 at Vcc; 
UO UiSHE Cane: . pin 9 at GND; |j at pins 
3 and 14 to be excluded 


additional quiescent supply 
current per input pin for ; pins 3 and 14 at Vcc; 
unit load coefficient is 1 pin 9 at GND; |j at pins 


(note 1) . 3 and 14 to be excluded 
Vi=zVcec-2.1V 


Note 
1. The value of additional quiescent supply current (Alcc) for a unit load of 1 is given above. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 
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DC CHARACTERISTICS FOR 74HCT (Cont'd) 
Phase comparator section 


Voltages are referenced to GND (ground = 0 V) 


a 


TEST CONDITIONS 
UNIT Voc 


| Tamb (°C) 
74HCT 
SYMBOL | PARAMETER 
—40 to +85 | 4010 +125 | | 4010 +125 | +125 
ra [oe 


DC coupled 


VIH HIGH level input voltage | 3.15) 2.4 
SIG, COMP 


DC coupled 
LOW level input voltage 
SIGin, COMPi\ 


HIGH level output voltage oe 


VIL 1.35 


VOH PCPQuT, PCnouT 


HIGH level output voltage 
VOH PCPouT, PCnouT ae 


Vv LOW level output voltage 
Or PCPout: PCnouT 


or 


Vv LOW level output voltage 
oe PCPouT. PChoutT 


o 
N 
oO 


input leakage current 
S!IGiy, COMP 


w 
oo 
: 

> 


3-state 
OF F-state current 


PC20UT 


input resistance 
SIGijny, COMPi Ny 


A 


Vj at self-bias operating 
point; AV; =0.5 V; 
see Figs 12, 13 and 14 


N 

ol 
w 
o 


roe) 
> 
© s 
Ww ou 
Ww 
GO 
~ 


jo) 
Ei 


~ 


Lita 
ba 
ol 
sg 
: 
G@) 
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DC CHARACTERISTICS FOR 74HCT (Cont'd) 
VCO section 


Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Voc | Vi; | OTHER 
+25 —40 to +85 | —40 to +125 Vv 


typ. 
1.6 

1.2 

298 jem ses} a 
rely ie 
ors | | 


3 0.40 0.47 0.54 


fre [rsorcme feof fa [| 
1 


of fe 
operating voltage 


Notes 


1. The parallel value of R1 and R2 should be more than 2.7 kQ.. 
2. The maximum operating voltage can be as high as Vcc — 0.9 V, however, this may result in an increased offset voltage. 


HIGH level 
ViH input voltage 
INH 


2.0 


LOW level 
VIL input voltage 
INH 


HIGH level 
VOH output voltage 
VCOQUT 


HIGH level 
VOH output voltage 
VCOouUT 


LOW level 
VOL output voltage 
VCOQUT 


LOW level 
VOL output voltage 
VCOQUT 


LOW level output 
VOL voltage C1p, Cip 
(test purposes only) 


=) 


input leakage current 
INH, VCO; 


wo . 
ros) 


over the range 
specified for R1; 
for linearity see 

Figs 20 and 21. 
Refer to note 2 
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DC CHARACTERISTICS FOR 74HCT (Cont'd) 
Demodulator section 


Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST | TESTCONDITIONS 


74HCT 
SYMBOL | PARAMETER f—at0H125 | a OTHER 
sess 


at Rg > 300 kQ 
resistor range the leakage current can 
influence VpEMOUT 
V1 = Vvcoin = 1/2 Vcc; 
VOFF Co values taken over Rs range; 
IN tO VDEMOUT see Fig. 15 
dynamic output e 
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AC CHARACTERISTICS FOR 74HCT 


Phase comparator section 


GND = 0 V;t, = tf = 6 ns; C, = 50 pF 


MSI 


TEST CONDITIONS 


| SYMBOL | PARAMETER UNIT - OTHER 
V 
is rere ees | 
propagation delay 
PHL! SIG}, COMP), ns 14.5 | Fig. 16 
PLH to PC1ouUT Zz sl 
propagation delay 1 
PHL! SIG in, COMP ny ns 45 | Fig. 16 
PLH to PCP 
OUT a 
propagation delay 
PHL! SIG} yy, COMP) yy ns | 4.5 | Fig. 16 
PLH to PC30yT | 
‘THL/ Output transition time ns 4.5 Fig. 16 
'TLH 
t / 3-state output enable 
PZH time SIG}jy, COMP 4.5 | Fig. 17 
tp71. IN IN 
to PC29uT : 


3-state output disable 
time SIGjxyy, COMP iy 
to PC2ouT 


tpHz/ 
tPLZ 
VI (p—p) 


VCO section 


SIG jy or COMP, 


GND = 0 V;t, = te=6 ns; Cy = 50 pF 


AC coupled input sensitivity 
(peak-to-peak value) at 


Fig. 17 


SYMBOL | PARAMETER 


frequency stability 
with temperature 
change 


VCO centre frequency 


(duty factor = 50%) 


TEST CONDITIONS 


Vi = VycoIN within 
recommended range; 

R1 = 100 kQ; R2 =; 

C1 = 100 pF; see Fig. 18b 


VvcoIN = 1/2 Vcc; 
R1=3kQ; R2 =; 
Ci = 40 pF; see Fig. 19 


R1 = 100 kQ; R2 ==; 
C1 = 100 pF; 
see Figs 20 and 21 
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FIGURE REFERENCES FOR DC CHARACTERISTICS 


7296033 


self-bias operating point 


Fig. 12 Typical input resistance curve at SIGjy, 


COMP|n. 


7296035.1 


TS Ua 


Fig. 14 Input current at SIG;jy, COMP ),y with 
AV, = 0.5 V at self-bias point. 
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ie 
TNO 


\ 


\ 
aN ie ee 
| NE , 
Ca ee 
hee ae ie 


Fig. 13 Input resistance at SIG|_y, COMP ),\y with 
AV, = 0.5 V at self-bias point. 


—40 
1/2 Veg -2 1/2Vec 1/2 Vocgt2 
Vvcoin (VY) 


— Rg = 50k2 
-- Rg = 300 kQ 


Fig. 15 Offset voltage at demodulator output as 
a function.of VCO), and Rs. 


Phase-locked-loop with VCO 


AC WAVEFORMS 


SIG jy, COMP yyy 
INPUTS 


PCPout: PClout: 
PC3gy7 OUTPUTS 


7Z96037 


Fig. 16 Waveforms showing input (SIGjpjy, COMP;,\y) 
to output (PCPOQUT, PCigyt, PC3QyT) propagation 
delays and the output transition times. 


Note to AC waveforms 


(1) HC : Vig = 50%; Vy = GND to Vcc. 
HCT: Vy =1.3 V; V} = GND to 3 V. 


PC2ouT 
OUTPUT 


PC74HC/HCT4046A 


MSI 


Fig. 17 Waveforms showing the 3-state enable and 


disable times for PC29yT. 
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AC WAVEFORMS (Continued) 


7296039 7Z96040 


aos 


i 
Cay es 


+ 
on 


> 
we 


i 
SALLE 
\ 


CC 
ig 


mee 


Lf 
Pi VA a 


300kQ2 


TTERCEEEEE 
finns te 


+50 +100 
Tamb (°C) Tamb (°C) 


(b) Vec =4.5 V (c) Vee = 6.0 V 


Fig. 18 Frequency stability versus ambient temperature: C1 = 100 pF; R2 =~; Vycojn = 1/2 Vcc: 
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Phase-locked-loop with VCO 
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NO 


| | 
P| 


NO 


6 
Vvcoin {V) 
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{ 
/ 


eae 


[ 

CAT 
SGRERROREER 
CEE 


Vvcoin (V) 


(a) R1=3kQ; 
C1 = 40 pF 


(c) R1 = 300 kQ; 


Ci = 40 pF 


80 
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RaRE 


gai iv) ° 


4 6 
Vvcoin (VY) 
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(b) R1=3kQ; 


(d) R1 = 300 kQ; 
C1 = 100 nF 


Fig. 19 Graphs showing 
VCO frequency (fyco) 
as a function of the 
VCO input voltage 
(VVCOIN)- 
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AC WAVEFORMS (Continued) 
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Fig. 20 Definition of VCO frequency linearity: 
AV =0.5 V over the Vcc range: =§ 
for VCO linearity 
f 
foe 2 
f'o— fo Fig. 21 Frequency linearity as a function of R1, 


linearity = fo x 100% C1 and Vcc: R2 =~ and AV =0.5 V 


7Z96049 


aes a SR Oe ‘i—ooes 
SRE th 


— C1 = 40 pF — C1 = 40 pF 
---C1=1pF , ---C1=1 uF 


Fig. 22 Power dissipation versus the Fig. 23 Power dissipation oe the Fig. 24 Typical dc power dissipation of 
value of R1: Cy =50 pF; R2 =<, value of R2: Cy = 50 pF; R1 ==; demodulator section as a function of Rs: 
VVCOIN = 1/2 Vcc: Tamb = 25 98 VvycoIn = GND=0OV; + ne 25°C: R1 =R2 ==; Tamb = 25 °C. 
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Phase-locked-loop with VCO 


MSI 


APPLICATION INFORMATION 


This information is a guide for the Values of the selected components 
approximation of values of external should be within the following ranges: 
components to be used with the R1 : 
74HC/HCT4046A in a phase-lock-loop Pe Ree tI Re aes cer 
system. R2 between 3 kQ and 300 kQ2; 
References should be made to Figs 29, R1 + R2 parallel value > 2.7 k&,; 

30 and 31 as indicated in the table. Cl greater than 40 pF. 
jsusvecr [susvecr | Phase DESIGN CONSIDERATIONS 


COMPARATOR 


VCO frequency characteristic 
VCO frequency PC1, PC2 or PC3 With R2 =-and R1 within the range 3 kQ2. < R1 < 300 kQ2, the characteristics of 
without extra the VCO operation will be as shown in Fig. 25. 
offset (Due to R1, C1 time constant a small offset remains when R2 =~) 
7296051 
f 
min. 1/2 Voc iesin max. 
Fig. 25 Frequency characteristic of VCO operating without 
offset: fy = centre frequency; 2f; = frequency lock range. 


Selection of R1 and C1 

PC1 Given fy, determine the values of R1 and C1 using Fig. 29. 

PC2 or PC3 Given fmax and fg, determine the values of R1 and C1 using Fig. 29, use Fig. 31 to 
obtain 2f, and then use this to calculate fmjn. 


VCO frequency characteristic 
VCO frequency PC1, PC2 or PC3 With R1 and R2 within the ranges 3 kQ << R1< 300 k92,3k92 < R2< 300 kQ, 
with extra the characteristics of the VCO operation will be as shown in Fig. 26. 
offset 
7296052 
Fig. 26 Frequency characteristic of VCO operating with 
offset: fy = centre frequency; 2f, = frequency lock range. 


Selection of R1, R2 and C1 


PC1, PC2 or PC3 Given fy and f, , determine the value of product R1C1 by using Fig. 31. 
Calculate fo¢¢ from the equation fof¢ = fo — 4.3fL. 
Obtain the values of C1 and R2 by using Fig. 30. 
Calculate the value of R1 from the value of C1 and the product R1C1. 
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APPLICATION INFORMATION (Continued) 


PHASE 
SUBJECT COMPARATOR DESIGN CONSIDERATIONS 


PLL conditions PC1 VCO adjusts to fg with ¢p>EMOUT = 90 and VycoIN = 1/2 Vcc (see Fig. 6). 


with no signal at : ae . 
the SIGiy input | PC2 VCO adjusts to fg with ¢pEMOUT =~ 360 and VycoiN = 0 V (see Fig. 8). 


PC3 


VCO adjusts to fg with é9—EMOUT = +360° and VvVCOIN = Vcc (see Fig. 10). 


PLL frequency PC1, PC2 or PC3 Loop filter component selection 
capture range 


ae [Fico 


| “Wy 
INPUT c2 iI OUTPUT 
Ww 7296053 


(a) r=R3x C2 (b) amplitude characteristic (c) pole-zero diagram 
A small capture range (2f,) is obtained if 7 > 2f, * 1/mV 2mf,_/r. 


Fig. 27 Simple loop filter for PLL without offset. 


R3 
R4 
INPUT OUTPUT “4 35 Ales 
aT 
tes on (e) 7296054 
(a) 74 = R3 x C2; (b) amplitude characteristic (c) pole-zero diagram 
72 = R4x C2; 


73 = (R3+ R4)x C2 


Fig. 28 Simple loop filter for PLL with offset. 


PLL locks on PC1 or PC3 yes 


harmonics at 


centre frequency | PC2 | no 
noise rejection at PC1 high 
signal input 
PC2 or PC3 low 
AC ripple content f, = 2f;, large ripple content at ¢9EMOUT = 90° 
when PLL is 
locked PC2 f, = fj, small ripple content at ¢9>EMOUT = O 
PC3 fr = fS1G yyy large ripple content at ¢>EMOUT = 180° 
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Fig. 29 Typical value of VCO centre frequency (f,) as 


a function of C1: R2 
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R1C1 


10-3 10-2 


I 


= 4,5 V; R2 =~. 


10-2 
product R1C1: Vycoin range = 0.9 to (Vcc — 0.9) V; 


Fig. 31 Typical frequency lock range (2f,|_) versus the 


Vcc 


PC74HC4049 
SS! 


HEX INVERTING HIGH-TO-LOW LEVEL SHIFTER 


FEATURES 


@ Output capability: standard 
® Icc category: SSI 


GENERAL DESCRIPTION 


The 74HC4049 is a high-speed 

Si-gate CMOS device and is pin 
compatible with the 4049” of the 
“4000B” series. It is specified in 
compliance with JEDEC standard no. 7. 


The 74HC4049 provides six inverting 
buffers with a modified input 
protection structure, which has no 
diode connected to Vcc. Input 
voltages of up to 15 V may therefore be 
used. 

This feature enables the inverting 
buffers to be used as logic 

level translators, which will convert 
high level logic to low level logic, 
while operating from a low voltage 
power supply. For example 

15 V logic (‘’4000B series’’) can be 
converted down to 2 V logic. 


The actual input switch level remains 
related to the Vcc and is the same as 
mentioned in the family 
characteristics. At the same time each 
part can be used as a simple inverter 
without level translation. 


APPLICATIONS 


® Converting 15 V logic ("4000B” 
series) down to 2 V logic. 


7293753 


Fig. 1 Pin configuration. 


TYPICAL 


SYMBOL PARAMETER CONDITIONS 


propagation delay 
nA to nY 


input capacitance 


Aieet: 
power dissipation 
CPD capacitance per buffer note 1 14 pF | 


GND = OV; Tamb = 25 °C; t, = te = 6ns 


Note 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x Vcc? x fj + = (CL x Vcc? x fo) where: 


fj = input frequency in MHz CL 
fo = output frequency in MHz VCC 
(Cy x Vec? x fo) = sum of outputs 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC4049P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC4049T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


/PINNO. SYMBOL NAME AND FUNCTION 


Vcc positive supply voltage 


1Y to 6Y data outputs 


1A to 6A data inputs 


GND ground (0 V) 
n.c. not connected 


7293755 


7293754 


Fig. 2 Logic symbol. Fig. 3 1EC logic symbol. 
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PC74HC4049 
SSI 


7293754 


Fig. 4 Functional diagram. 


7293908 


Fig. 6 Logic diagram (one level shifter). 


FUNCTION TABLE 


H = HIGH voltage level 
L = LOW voltage level 


748 January 1986 


to logic 


= circuit 
polysilicon ’ 


resistor 


GN 
7Z97018 


Fig. 5 Input protection for HC4049. 
Single sided thick oxide field effect 
transistor as input protection. 


PC74HC4049 
SSI 


Hex inverting HIGH-to-LOW level shifter 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Voltages are referenced to GND (ground = 0 V) 


SYMBOL | PARAMETER | MIN. | MAX. UNIT 
+10 


CONDITIONS 


DC supply voltage 


DC input voltage range 
DC input diode current 
for types with: 


tloK DC output diode current 
+ 
- standard outputs 
storage temperature range 


power dissipation per package 
Ptot 


for Vj} <—0.5V 


for Vo <—0.5V or Vo > Vcc + 0.5 V 


for -0.5V <Vo <Vect+0.5V 


DC output source or sink 
current 
- standard outputs 


DC Vcc or GND current 


for temperature range: —40 to +125 °C 
74HC 


plastic DIL 


plastic mini-pack (SO) above +70 °C: derate linearly with 6 mW/K 
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PC74HC4049 
SSI 


DC CHARACTERISTICS FOR 74HC 


Voltages are referenced to GND (ground = 0 V) 


74HC 


Tamb (°C) TEST CONDITIONS 
UNIT 


SYMBOL | PARAMETER “cc Vi OTHER 
+25 —40 to+85 | —40 to +125 
min. | typ. | max. | min. | max. | min. | max. | 
1.5 1.3 1.5 1.5 
VIH HIGH level input voltage |3.15 | 2.4 3.15 3.15 
4.2 3.1 4.2 4.2 
0.7 | 0.5 0.5 0.5 
VIL LOW level input voltage 1.8 | 1.35 1.35 1.35 
2.3 | 1.8 1.8 1.8 
2.0 1.9 1.9 
HIGH level output voltage 
VOH ce ‘pu a cpu ENO Ttae 4.5 44 4.4 
6.0 5.9 5.9 
Vv HIGH level output voltage | 3.98 3.84 3.7 
OH standard outputs 5.34 5.2 
VOL LOW level output voltage at a 
all outputs 0.1 0.1 
Vv LOW levei output voltage 0.26 0.33 0.4 
OL standard outputs 0.26 0.33 0.4 
: ~~ S| jos) pe] fae 
15V 
Ice quiescent supply current 2.0 20.0 BA or 
GND 


AC CHARACTERISTICS FOR 74HC 
GND =0V; t, = t= 6 ns; CL = 50 pF 


TEST CONDITIONS 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
— to = —40 to 40 to +125 | V 


propagation delay 
nA to nY 


output transition time 


A ae 
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Hex inverting HIGH-to-LOW level shifter 


PC74HC4049 
SS! 


AC WAVEFORMS 


nA INPUT 


nY OUTPUT 


7293756 


Fig. 7 Waveforms showing the input (nA) 
to output (nY) propagation delays and the 
output transition times. Note to AC waveforms 


(1) HC: Viy = 50%; V) = GND to Vcc. 
HCT: Viy = 1.3V; V} = GND to 3V. 
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PC74HC4050 
SSI 


HEX HIGH-TO-LOW LEVEL SHIFTER 


FEATURES 


@ Output capability: standard 
® Icc category: SSI 


GENERAL DESCRIPTION 


The 74HC4050 is a high-speed 

Si-gate CMOS device and is pin 
compatibie with the ‘'4050” of the 
“‘A000B”’ series. It is specified in 
compliance with JEDEC standard no. 7. 


The 74HC4050 provides six non-inverting 
buffers with a modified input 

protection structure, which has no 

diode connected to Vcc. Input 

voltages of up to 15 V may therefore be 
used. This feature enables the non-inverting 
buffers to be used as logic level 
translators, which will convert 

high level logic to low level logic, 

while operating from a low voltage 

power supply. For example 

15 V logic (’’4000B series’) can be 
converted down to 2 V logic. 


The actual input switch level remains 
related to the Vcc and is the same as 
mentioned in the family 
characteristics. 


APPLICATIONS 


® Converting 15 V logic ("'4000B” 
series) down to 2 V logic. 
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Fig. 1 Pin configuration. 


TYPICAL UNIT 


SYMBOL 


tpHL/ propagation delay 
tPLH nA to n¥ 


input capacitance 


PARAMETER CONDITIONS 


power dissipation 
capacitance per buffer 


GND =0 V; Tamb = 25 °C; t, = tp = 6 ns 


Note 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + = (CL x Vcc’ x fo) where: 


output load capacitance in pF 
supply voltage in V 


fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
LY (CL x Voc? x fg) = sum of outputs 


Hod 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC4050P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC4050T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


Vcc 
1Y to 6Y 


NAME AND FUNCTION 
positive supply voltage 


data outputs 


1A to 6A data inputs 


GND ground (0 V) 
n.c. not connected 


7293759 


7293758 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC4050 
SSI 
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Functional diagram. 


epee 


7293909 


Fig. 6 Logic diagram (one level shifter). 


FUNCTION TABLE 


OUTPUT 


a 
H 


H = HIGH voltage level 
L = LOW voltage level 
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to logic 


polysilicon eircult 
resistor 


GN 
7297018 


Fig. 5 Input protection for HC4050. 
Single sided thick oxide field effect 
transistor as input protection. 


Hex HIGH-to-LOW level shifter 


PC74HC4050 
SSI 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Voltages are referenced to GND (ground = 0 V) 


[évmeor [ranaweren | min. MAX 
DC input diode current mA for Vj; <—0.5 V 
DC output diode current 


al TQ) DC output source or sink 
current 
- standard outputs 


DC Vcc or GND current 


UNIT CONDITIONS 


mA for Vo <—0.5V or Vo > Vcc + 0.5 V 


for—0.5V<Vo<Vcc+0.5V 


=| 
> 


for types with: 
- standard outputs 


storage temperature range 


+150 | °C 


power dissipation per package 


Prot 
plastic mini-pack (SO) 


for temperature range: —40 to +125 °C 
74HC 


plastic DIL 


above +70 °C: derate linearly with 8 mW/K 


on N N | nM 
3 
> 


> 
© 
oO 


mW above +70 °C: derate linearly with 6 mW/K 
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PC74HC4050. 
SS! 


DC CHARACTERISTICS FOR 74HC 


Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 
74HC 
PARAMETER UNIT Vec Vv; | OTHER 
—40 = +85 | —40 to +125 


Lin. 
‘3 Ala 
6.0 


SYMBOL 


HIGH level input voltage 


nate ae 
Ne 
on 


— 
LOW level input voltage 


<a) 


HIGH level output eases 
all outputs 


o1 
© 


3.7 
5.2 


HIGH level output voltage 
standard outputs 


3.98 
5.48 


LOW level output voltage 
all outputs 


LOW level output voltage 
standard outputs 


input leakage current 


5 
o9 ;9e9°° 3 
GW Gd —_ — CO 
W & 
Dd a 
. Bi 


quiescent supply current 


o° == 0 
Sh Owuw 
oi 


AC CHARACTERISTICS FOR 74HC 
GND = OV; t; = tf = 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HC 
UNIT Voc WAVEFORMS 
ee ee 
105 130 
21 26 re Fig. 7 
18 22 6.0 


SYMBOL | PARAMETER 


propagation delay 
nA tonY 


2.0 
4.5 
6.0 


output transition time 


19 
7 
6 
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Hex HIGH-to-LOW level shifter 


PC74HC4050 
SSI 


AC WAVEFORMS 


nA INPUT 


nY OUTPUT 


7293760 


Fig. 7 Waveforms showing the input (nA) 
to output (nY) propagation delays and the 
output transition times. Note to AC waveforms 


(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy =1.3V; Vj = GND to 3V. 
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PC74HC/HCT4051 
MSI 


8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 


FEATURES 


@ Wide analog input voltage range: 
+5 V. 

© Low “ON” resistance: 
80 © (typ.) at Vcc — Veg =4.5V 
70 {2 (typ.) at Vcc — Veg = 6.0 V 
60 {2 (typ.) at Voc — Veg = 9.0 V 

@ Logic level translation: 
to enable 5 V logic to communicate 
with + 5 V analog signals 

® Typical “break before make” built in 

® Output capability: non-standard 

® Icc category: MS! 


GENERAL DESCRIPTION 


The 74HC/HCT4051 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the “4051” of the 
“‘4000B”’ series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4051 are 8-channel analog 
multiplexers/demultiplexers with three 
digital select inputs (Sg to S92), an active 
LOW enable input (E), eight independent 
inputs/outputs (YQ to Y7) and a common 
input/output (Z). 


With E LOW, one of the eight switches is 
selected (low impedance ON-state) by Sg 
to Sg. With E HIGH, all switches are in the 
high impedance OF F-state, independent of 
Sg to S92. 

Vcc and GND are the supply voltage pins 
for the digital control inputs (So to S92, 
and E). The Vcc to GND ranges are 2.0 to 
10.0 V for HC and 4.5 to 5.5 V for HCT. 
The analog inputs/outputs (Yo to Y7, and 
Z) can swing between V¢¢ as a positive 
limit and Veg as a negative limit. 

Vcc — VEE may not exceed 10.0 V. 


For operation as a digital 
multiplexer/demultiplexer, VEE is 
connected to GND (typically ground). 


7293208 


Fig. 1 Pin configuration. 


| TYPICAL 


CONDITIONS 
turn “ON” time 


SYMBOL UNIT 
PZL Sp to Vos 20 | 24 
16 ns 
20 ns 


a ow Ce 


power dissipation Astsetande 22 4 
capacitance per switch 


Notes 


PARAMETER 


turn “OFF” time 
E to Vos 


max. switch capacitance 
independent 
common 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp = Cpo x Vcc? x fj + Z{(CL + Cg) x Voc? x fo } where: 
fj = input frequency in MHz C, = output load capacitance in pF 


fo = output hequency | in MHz Cs = max. switch capacitance in pF 
Z{(C_ + Cs) x Voc? x fo} = sum of outputs Vcc = supply voltage in V 


2. For HC the condition is V; = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT4051P: 16-lead DIL; plastic (SOT-382Z). 
PC74HC/HCT4051T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


/PINNO. SYMBOL NAME AND FUNCTION 


common input/output 
enable input (active LOW) 
negative supply voltage 
ground (0 V) 
11, 10, 9 select inputs 
13, 14, 15, 
12, 1,5, 2,4 
16 positive supply voltage 


independent inputs/outputs 


nu Oo MO FB WwW NH - OO 


7293209 


7Z293210.1 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT4051 
MSI 


APPLICATIONS 


® Analog multiplexing and 
demultiplexing 

© Digital multiplexing and 
demultiplexing 

® Signal gating 


FUNCTION TABLE 


INPUTS channel 


ON 


1-—of-8 
DECODER 


LEVEL 
CONVERSION 


LOGIC 


ZT rere reer 
x Pens oe rer 


H = HIGH voltage level 
L = LOW voltage level 
X = don’t care 


7293211 


Fig. 4 Functional diagram. 


from logic 


7293212 


Fig. 5 Schematic diagram (one switch). 
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8-channel analog multiplexer/demultiplexer PC74HC/HCT4051 
MSI 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


UNIT | CONDITIONS 


Voltages are referenced to Veg = GND (ground = 0 V) 


PARAMETER 
for Vg <-0.5 Vor Vg > Voc + 0.5 V 
[ eatrisatunroaumecun! 


SCG: DC Vcc or GND current mA 
tIGND 


power dissipation per package for temperature range: —40 to +125 °C 
74HC/HCT 


above +70 °C: derate linearly with 8 mW/K 


mW 
above +70 °C: derate linearly with 6 mW/K 

Cs 
To avoid drawing Vcc current out of terminal Z, when switch current flows in terminals Y,, the voltage drop across the bidirectional 


switch must not exceed 0.4 V. If the switch current flows into terminal Z, no Vcc current will flow out of terminals Y,. In this case 
there is no limit for the voltage drop across the switch, but the voltages at Y,, and Z may not exceed Vcc or VEE. 


>; >b| >} 


20 
25 
20 

0 


5 


plastic DIL 500 
400 


plastic mini-pack (SO) 


power dissipation per switch 


— 
o>) 
Oo 


Note to ratings 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL | PARAMETER 


ef we 
Tv 
Pree 
ie ek: see DC and AC 

ba) 


CHARACTERISTICS 
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PC74HC/HCT4051 
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7293213.1 7293214,1 


operating ar: 


Pe 


PEE 


EEE 


10 
Voc: Veg (V) Veco’ Ver (V) 


Fig. 6 Guaranteed operating area as a function of the Fig. 7 Guaranteed operating area as a function of the © 
supply voltages for 74HC4051. supply voltages for 74HCT4051. 


DC CHARACTERISTICS FOR 74HC/HCT 


For 74HC: Vcc—GND or Vcc — Veg =2.0, 4.5, 6.0 and 9.0 V 
For 74HCT: MEG GND =4.5 and 5.5 V; eo VEE =2.0, 4.5, 6.0 and 9.0 V 


iat ___ (°C) TEST CONDITIONS 
a. ee 

SYMBOL | PARAMETER UNIT ne bee Is VI 
—40 to +85 ) 4010 +125 | ) 4010 +125 | +125 A 

Le 
cm ON resistance (peak) 
RON ON resistance 
\ 
tow [amen 


maximum AON resistance 
between any two channels 


DNHND | NNNN | ON2N 


NNN 


Notes to DC characteristics 


1, At supply voltages (Vcc — VEE) approaching 2.0 V the analog switch ON-resistance becomes extremely non-linear. There it is 
recommended that these devices be used to transmit digital signals only, when using these supply voltages. 
2. For test circuit measuring Roy see Fig. 8. 
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8-channel analog multiplexer/demultiplexer PC74HC/HCT4051 
MSI 


DC CHARACTERISTICS FOR 74HC 
Voltages are referenced to GND (ground = 0 V) 


mb (°C) TEST CONDITIONS 
74HC 
SYMBOL UNIT | Vcc | VEE] V1 OTHER 
viv 
2.0 


Ta 
—40 to +85 | —40t0 +125 


PARAMETER 


HIGH level input voltage 


LOW level input voltage 


input leakage current 


analog switch OF F-state 
current per channel 


analog switch OF F-state 
current all channels 


analog switch ON-state 
current 


quiescent supply current 
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MSI 


AC CHARACTERISTICS FOR 74HC 


GND = 


OV;t;=tp=6ns; Cy =50 pF 


SYMBOL |; PARAMETER 


tPHL/ 
PLA 
tp7H/ turn “ON” time 

tpZ7H/ turn “ON” time 

tPZL Sn to Vos 


propagation delay 
Vis to Vos 


turn “OF F’’ time 
E to Vos 


turn “OFF” time 
Sn to Vos 


January 1986 


Tamb (°C) 


74HC 


—40 to +85 


—40to +125 


TEST CONDITIONS 


V 


UNIT ee OTHER 
Vv 


Ry =0;C, =50 pF 
(see Fig. 17) 


Ry =1kQ; Cy = 50 pF 
(see Figs 18, 19 and 20) 


Rp_ =1kQ; Cy = 50 pF 
(see Figs 18, 19 and 20) 


Rp = 1 kQ; Cy. = 50 pF 
(see Figs 18, 19 and 20) 


Ru =1kQ; Cy =50 pF 
(see Figs 18, 19 and 20) 


8-channel analog multiplexer/demultiplexer PC74HC/HCT4051 
MSI 


DC CHARACTERISTICS FOR 74HCT 
Voltages are referenced to GND (ground = 0) 


Tamb (°C) TEST CONDITIONS 
SYMBOL | PARAMETER UNIT| Voc] Vee|V; | OTHER 
—40 to +85 | —40 to +125 Vv 


—_ 
. 


VIH HIGH level input voltage 


>) 
Sg 
ro) 


~~ 
NO 


LOW level input voltage 


input leakage current 


analog switch OF F-state 


current per channel Vcc — VEE 


(see Fig. 10) 


analog switch OF F-state 
current all channels 


So 
eS 


o> 

< 
‘ : © 
_— 


Vcc — VEE 
(see Fig. 10) 
Msl= 


Voc — VEE 
(see Fig. 11) 


analog switch ON-state 
current 


fo) 
aS 


quiescent supply current 


additional quiescent supply 
current per input pin for 
unit load coefficient is 1 
(note 1) 


N 
ron) 


Note to HCT types 


1. The value of additional quiescent supply current (Alcc) for a unit load of 1 is given here. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT | COEFFICIENT 


Sn 0.50 
E 0.50 
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AC CHARACTERISTICS FOR 74HCT 
GND=0V;t, =t¢=6ns;C, = 50 pF 


propagation delay 
Vis to Vos 


turn “ON” time 
E to Vos 


turn “ON” time 
turn “OFF” time 
E to Vos 
turn “OFF” time z 


(from select inputs} 


Yn 


Vis = 0 to Voc—VeEE 


7Z93215 


Fig. 8 Test circuit for measuring Ron. 


LOW 
(from select inputs) 


vy = Vec or VEE 


7293943 


Fig. 11 Test circuit for measuring ON-state current. 


January 1986 


a 


OTHER 


Rp =; Cy = 50 pF 
(see Fig. 17) 


Ryu = 1 k&2; Cy = 50 pF 
(see Figs 18, 19 and 20) 


Ry = 1k2; Cy = 50 pF 
(see Figs 18, 19 and 20) 


Vis (V) 


Fig. 9 Typical Ron asa function of input voltage Vj, 
for Vig =O to Vcc — VEE. 


Vo = VEE or Vec 


Fig. 10 Test circuit for measuring OF F-state current. 
HIGH 


(from select inputs) 


V\= Vee or Voc Vo (open circuit) 
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PC74HC/HCT4051 
MSI 


8-channel analog multiplexer/demultiplexer 


ADDITIONAL AC CHARACTERISTICS FOR 74HC/HCT 
Recommended conditions and typical values 


GND = 0 V; Tamb = 25 °C 


SYMBOL | PARAMETER UNIT Vcc CONDITIONS 


Ry = 10 kQ; Cy = 50 pF 


sine-wave distortion 


_— f = 1 kHz (see Fig. 14) 
sine-wave distortion R_ = 10 kQ; Cy = 50 pF 
f = 10 kHz (see Fig. 14) 
— switch “OFF” signal R, = 6002; C, =50 pF 


feed-through (see Figs 12 and 15) 


R_ = 600 82; CL = 50 pF; 

= 1 MHz (E or Sy, 
square-wave between Vcc 
and GND, t, = t¢ = 6 ns) 
(see Fig. 16) 


F minimum frequency : Ry, = 50 22; Cy, = 10 pF 
max response (—3dB) (see Figs 13 and 14) 


maximum switch 
Capacitance 

independent 

common 


crosstalk voltage between 
control and any switch 
(peak-to-peak value) 


Notes to AC characteristics 


General note 

Vi, is the input voltage at a Y, or Z terminal. whichever is assigned as an input. 
Vos is the output voltage at a Y, or Z terminal, whichever is assigned as an output. 
Notes 


1, Adjust input voltage Vj, to 0 dBm level (0 dBm = 1 mW into 600 22). 
2. Adjust input voltage Vj, to 0 dBm level at Vos for 10 kHz (0 dBm = 1 mW into 50 22). 


7293945 
TWN 


(dB) 


al 
sot EI TT 


et pope in| 

ee aa Fig. 12 Typical switch “OFF” signal 

~100 = TAL LUE ees ad feaiecdi : fanetion of ecneueik 
0 


2 3 4 5 
10 10 10 10 f (kHz) 10 
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7293946 


CH emcee 
est Conditions: 
PT TET PTT VOGT a cub Oy ee sro, 

ET | pf eon eyes 

a 

PTE TT TTT TETAS 
UE ETT 


Peles 
| 
PETER CET | TT Fig. 13 Typical frequency response. 


3 6 
: f (kHz) 19 


channel channel 
ON OFF 


7293947 7293948 


Fig. 14 Test circuit for measuring sine-wave distortion and Fig. 15 Test circuit for measuring switch “OFF” signal 
minimum frequency response. feed-through. 


Note to Fig. 16 
The crosstalk is defined as follows (oscilloscope output): 


7293949 


7Z93950 


Fig. 16 Test circuit for measuring crosstalk between control 
and any switch. 
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8-channel analog multiplexer/demultiplexer 


AC WAVEFORMS 


Vo, OUTPUT 


7Z93249.1 


Fig. 17 Waveforms showing the input (Vj,) to output (Vos) 
propagation delays. 


PC74H/HCT4051 
MSI 


E.S, INPUTS 


Vos OUTPUT 


switch switch switch 


7Z93218.2 "ON" “OFF” “ON” 
Fig. 18 Waveforms showing the turn-ON and turn-OF F times. 


Note to Fig. 18 


(1) HC: Vay = 50%; Vy = GND to Ve. 
HCT: Vy = 1.3 V; Vj = GND to 3 V. 
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TEST CIRCUIT AND WAVEFORMS 


AMPLITUDE 
vee V NEGATIVE 
CC Vis cc INPUT 
PULSE 
PULSE ser piece 
GENERATOR P 
ote AMPLITUDE 
POSITIVE 
INPUT 
ony PULSE 
7Z93951 Veg Ov 
7287476.3 
Fig. 19 Test circuit for measuring AC performance. Fig. 20 Input pulse definitions. 


Conditions 


TEST SWITCH 


tPZH 
tPZL 
tPHZ 


tPLZ 
others 


Vis 


FAMILY 


AMPLITUDE |Vjy 
fmax: 
PULSE WIDTH OTHER 
| 74HC Vcc 50% |<2ns 
74HCT (3.0 V 1.3V |<2ns 


Definitions for Figs 19 and 20: 


Ci. = load capacitance including jig and 
probe capacitance 
(see AC CHARACTERISTICS for 
values). 

Ry = termination resistance should be equal 
to the output impedance Zo of the 
pulse generator. 

tp = tf =6ns; when measuring fmax, there 
is nO constraint to t,, te with 50% 
duty factor. 
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DUAL 4-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 


FEATURES 


® Wide analog input voltage range: 
t5V. 

@ Low “ON” resistance: 
80 (2 (typ.) at Vec — Veg =45V 
70 {2 (typ.) at Voc — Veg = 6.0 V 
60 22 (typ.) at Voc — Veg = 9.0 V 

® Logic level translation: 
to enable 5 V logic to communicate 
with + 5 V analog signals 


® Typical “break before make” built ir 


® Output capability: non-standard 
® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4052 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the “4052” of the 
“‘A000B”’ series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4052 are dual 4-channel 
analog multiplexers/demultiplexers with 
common select logic. Each multiplexer has 
four independent inputs/outputs (nYg to 
nY3) and acommon input/output (n2Z). 
The common channel select logics include 
two digital select inputs (Sg and S41) and 
an active LOW enable input (E). 


With E LOW, one of the four switches 

is selected (low impedance ON-state) by 
So and Sj. With E HIGH, all switches are 
in the high impedance OF F-state, 
independent of Sg and $1. 


Vcc and GND are the supply voltage pins 
for the digital control inputs (Sg and S41, 
and E). The Vcc to GND ranges are 2.0 
to 10.0 V for HC and 4.5 to 5.5 V for HCT. 
The analog inputs/outputs (nYg to nY3, 
and nZ) can swing between Vcc as a 
positive limit and Veg as a negative limit. 
Vcc — VEE may not exceed 10.0 V. 


For operation as a digital 
multiplexer/demultiplexer, VEE is 
connected to GND (typically ground). 


7293952 


Fig. 1 Pin configuration. 


C 


| 
CPD 


turn “ON” time 
E or Spy to Vos 


turn “OFF” time 
E or Spy to Vos 


power dissipation eae tana 2 
capacitance per switch 


max. switch capacitance 
independent 
common 


Veg = GND =0V; Tamb = 29 C; ty = te = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp = Cpp x Vec? x ff + Z{(CL + Cs) x Voc? x fo } where: 
f; = input frequency in MHz Cy; = output load capacitance in pF 


fo = Output frequency in MHz Cg = max. switch capacitance in pF 
Z{(C_ + Cs) x Vec? x fg } = sum of outputs Voc = supply voltage in V 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is V} = GND to Vcc — 1.5 V 
ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4052P: 16-lead DIL; plastic (SOT-382Z). 
PC74HC/HCT4052T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


2Y9 to 2Y3 independent inputs/outputs 
E enable input (active LOW) 
VEE negative supply voltage 
GND ground (0 V) 

SQ, $1 select inputs 

12, 14, 15, 11 1Yg to 1Y3 
13,3 1Z, 22 

16 positive supply voltage 


10,9 
independent inputs/outputs 
common inputs/outputs 


3 7293953 
7Z93954 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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APPLICATIONS 


® Analog multiplexing and 
demultiplexing 

@ Digital multiplexing and 

@ demultiplexing 

e@ Signal gating 


FUNCTION TABLE 


CHANNEL 
ON 


H = HIGH voltage level 
L = LOW voltage level 
X = don't care 


7293955 


Fig. 4 Functional diagram. 


7293212 


Fig. 5 Schematic diagram (one switch). 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages are referenced to Veg = GND (ground = 0 V) 


SYMBOL PARAMETER | min. | MAX. | UNIT | CONDITIONS 
V Vv 


—0.5 


CC DC supply voltage 
DC digital input diode current 20 for Vj <-0.5 Vor V) > Vee + 0.5 V 
tls DC switch diode current mA for Vg <-0.5 Vor Vg > Vcc + 0.5 V 
tle DC switch current mA for -0.5V<Vs<Vec+0.5 V 
tlEE 20 mA 
*ICC: 50 | mA 
*IGND 


Prot power dissipation per package for temperature range: —40 to +125 °C 
74HC/HCT 
plastic DIL 500 mW above +70 °C: derate linearly with 8 mW/K 


plastic mini-pack (SO) 


power dissipation per switch 


Note to ratings 

To avoid drawing Vcc current out of terminals nZ, when switch current flows in terminals nY jy, the voltage drop across the 
bidirectional switch must not exceed 0.4 V. If the switch current flows into terminals nZ, no Vcc current will flow out of 
terminals nY,. In this case there is no limit for the voltage drop across the switch, but the voltages at nY, and nZ may not 
exceed Vcc or VEE. 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL | PARAMETER CONDITIONS 
min 

Vcc DC supply voltage Vcc-GND 2.0 see Figs 6 and 7 

Vcc DC supply voltage Vcc—-VEE 2.0 see Figs 6 and 7 


DC input voltage range 
operating ambient temperature range 
operating ambient temperature range | —40 


see DC and AC 
CHARACTERISTICS 


Vec =2.0 V 
tr, tf input rise and fall times Veco =4.5V 

Vcc = 6.0 V 

Vec = 10.0 V 
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7Z93213.1 7293214, 
T 


EEE 


Voc: Vee (Vv) 


Fig. 6 Guaranteed operating area as a function of the Fig. 7 Guaranteed operating area as a function of the 
supply voltages for 74HC4052. supply voltages for 74HCT4052. 


DC CHARACTERISTICS FOR 74HC/HCT 


For 74HC: Vcec— GND or Vcc — Veg =2.0, 4.5, 6.0 and 9.0 V 
For 74HCT: Vcc - GND =4.5 and 5.5 V; Vcc - Veg =2.0, 4.5, 6.0 and 9.0 V 


Tamb (°C) TEST CONDITIONS 
74HC/HCT 
SYMBOL UNIT vec VEE Is VI 
—40 to +125 uA 


PARAMETER 


ON resistance (peak) 


Ron ON resistance 
RON ON resistance 
AR maximum AON resistance 
| ON between any two channels 


5555 |o595 |DbDDD|DDND 


Notes to DC characteristics 


1. At supply voltages (Vcc — VEE) approaching 2.0 V the analog switch ON-resistance becomes extremely non-linear. There it is 
recommended that these devices be used to transmit digital signals only, when using these supply voltages. 
2. For test circuit measuring Ron see Fig. 8. 
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DC CHARACTERISTICS FOR 74HC 
Voltages are referenced to GND (ground = 0 V) 


TEST CONDITIONS 


UNIT | Vcc | VEE! V4 OTHER 
V V 


74HC 


iv |i ma 


PARAMETER 


SYMBOL 


HIGH level input voltage 
LOW level input voltage i 
input leakage current Ls 
analog switch OF F-state Ver—V 
tIg current per channel (see Fig, I 
log switch OFF-stat ver: 
analog switc -state V Wak 
S current all channels CC EE 
+] analog switch ON-state | 
='S current ; , : 


Icc quiescent supply current 


AC CHARACTERISTICS FOR 74HC 
GND = OV; t, = t¢ = 6 ns; CL = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT | Vcc | Veg |OTHER 
40 19 +85 | —a0vo-i25 | | YG 
tpHL/ propagation delay 
‘PLH Vis to Vos 
turn “ON” time 
PZH/ E to Vos 
PZL Sp to Vos 
turn “OFF” time 
*PHz/ E to Vog 
PL2 Sp to Vos 


Ry ==; C, = 50 pF 
(see Fig. 18) 


Ry =~; Cy = 50 pF 


(see Figs 19, 20 and 21) 


Rp =1kQ; Cy = 50 pF 
(see Figs 19, 20 and 21) 


Leoco ,eee Loco " 
o on o 


January 1986 775 


PC74HC/HCT4052 
MSI 


DC CHARACTERISTICS FOR 74HCT 
Voltages are referenced to GND (ground = 0) 


Tamb (°C) TEST CONDITIONS 


74HCT 
SYMBOL | PARAMETER UNIT “— aEe VI OTHER 
eee ee, 
45 
a 


VIH HIGH level input voltage 


; fll 


LOW level input voltage 


input leakage current 


> 
1 ag > 
on oOo” oO 


> 
: © 
rom) 
Lo 
= 
) 


VIH 
| tch OFF- 
ea ee a a case FS = 
Vit | (see Fig. 10) 
VIH 
San eens Zo ” : 
Vit | (see Fig. 10) 
VIH 
ee ON-state or Vcc — VEE 
Vit | (see Fig. 11) 


160.0 
320.0 


quiescent supply current 160.0 


bh 
ro) 


ee) 
© 
Fa 


Th 
fs 
Note to HCT types 


1. The value of additional quiescent supply current (Alcc) for a unit load of 1 is given here. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT | COEFFICIENT 

0.45 

0.45 


additional quiescent supply 
current per input pin for 
unit load coefficient is 1 
(note 1) 


> 
oO 


other inputs 
at Vcc or 
GND 


= 
> 


nN 
ro) 
N 
ro) 
bs = s ‘= = 
> > ; 
—_ 
, Oo 
°o 
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AC CHARACTERISTICS FOR 74HCT 
GND =0V;t, = t¢ = 6 ns; Cy = 50 pF 


PC74HC/HCT4052 
MSI 


TEST CONDITIONS 


74HCT 
SYMBOL | PARAMETER Vec | Veg | OTHER 
+25 —40 to +85 | —40 to +125 viv 
min. | typ. | max. | min. | max. | min max 

tpHi/ propagation delay 5 12 15 45 |0 Rp =; Cy = 50 pF 
tpLy Vis to Vos 4 |8 10 4.5 |—4.5| (see Fig. 18) 

tpzy/ in ok a 41 | 70 Ri =1kQ;C, = 50 pF 
t Os 28 | 48 (see Figs 19, 20 and 21) 

PZL Sp to Vos 
tHz/ «| “Ee 26 | 50 Ry =1kQ;C, =50 pF 
tpL7 0 Yas 21 | 38 (see Figs 19, 20 and 21) 

Sp to Vos 


HIGH 
(from select inputs) 


Vis =Oto Vec —VeE 


7293956 


Fig. 8 Test circuit for measuring RON. 


LOW 
(from select inputs) 


vy = Vec or Ver 


Fig. 11 Test circuit for measuring ON-state current. 


7Z93942.1 
- 


Vis (V) 


Fig. 9 Typical Ron as a function of input voltage Vj, 
for Vi; =O to Vcc - VEE. 


Vo Vee’! Sec 


Fig. 10 Test circuit for measuring OF F-state current. 
7293957 


(from select inputs) 


Vy = VEE or Vec Vo (open circuit) 


VEE 
7293958 
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ADDITIONAL AC CHARACTERISTICS FOR 74HC/HCT | 
Recommended conditions and typical values 


a poe 


CONDITIONS 


| syMeoL PARAMETER [parameter | we | UNIT 
sine-wave distortion 0.04 % Ry = 10 kQ; Cy = 50 pF 
f= 1 kHz 0.02 % (see Fig. 14) 


~2.25 
~4.5 
R_ = 10 k9; CL = 50 pF 


sine-wave distortion 0.12 % 
f= 10 kHz 0.06 % 
switch ‘‘OFF”’ signal 
feed-through 
crosstalk between 
. —60 
any two switches/ _60 
multiplexers 
crosstalk voltage between 110 
Vv( ) control and any switch 
p—-p 220 
(peak-to-peak value) 
; minimum frequency 170 MHz 
max response (—3dB) 180 MHz 


maximum switch 
capacitance 
independent 
common 


Notes to AC characteristics 


vio 


re 


br 
ort 


—2.25 
4.5 (see Fig. 14) 
Hes 600 2; Cy = 50 pF; 
= 1 MHz (E or Sp, 
ee wave between Vcc 
(see Fig. 17) 
—2.25 R~_ = 50 2; Cy = 50 pF 
(see Figs 13 and 14) 
Vig is the input voltage at an nY, or nZ terminal. whichever is assigned as an input. 


9.25 R~_ = 600 22; Cy = 50 pF; 
22 note 1 f = 1 MHz 
ne (see Figs 12 and 15) 
S = Ry = 600 22; Cy = 50 pF; 
note | f = 1 MHz (see Fig. 16) 
and GND, t; = t¢ = 6 ns) 
Vos is the output voltage at an NY, or nZ terminal, whichever is assigned as an output. 


comme) 
17 


General note 


Notes 


1. Adjust input voltage Vj, to 0 dBm level (0 dBm = 1 mW into 600 22). 
2. Adjust input voltage Vj, to 0 dBm level at Vos for 10 kHz (0 dBm = 1 mW into 50 22). 


7293945 


Fig. 12 Typical switch “OFF” signal 


100 feed-through as a function of frequency. 
10 
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Note to Figs 12 and 13 

Test cunditions: 

Vcc =4.5 V; GND =O V; Veg = —4.5 V; 
Ri = 50 22; Rsource= 1 k&2. 


Fig. 13 Typical frequency response. 


channel channe 
ON OFF 


7293959 7293960 


Fig. 14 Test circuit for measuring sine-wave distortion and Fig. 15 Test circuit for measuring switch “OFF” signal 
minimum frequency response. feed-through. 


L 
channel channel 
ON OFF 


7293961 


Fig. 16 Test circuits for measuring crosstalk between any two switches/multiplexers. 
(a) channel ON condition; (b) channel OFF condition. 


Note to Fig. 17 
The crosstalk is defined as follows (oscilloscope output): 


7293949 


7293962 


Fig. 17 Test circuit for measuring crosstalk between control 
and any switch. 
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AC WAVEFORMS 


E.S, INPUTS 
Vj, INPUT 
Vos OUTPUT 
Vog OLTPUT 
7293249.1 Vos OUTPUT 
7293218.2 


Fig. 18 Waveforms showing the input (Vjs) to output (Vog¢) 
propagation delays. 


Fig. 19 Waveforms showing the turn-ON and turn-OFF times. 


Note to Fig. 19 


(1) HC : Vpq = 50%; V,; =GND to Vcc. 
HCT: Vy =1.3 V; Vj = GND to 3 V. 
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TEST CIRCUIT AND WAVEFORMS 


PULSE 


{) 
GENERATOR ela 


SWITCH 


7Z93951 


Fig. 20 Test circuit for measuring AC performance. 


Conditions 


tPZH 


tPZL 
tPHZ 


tpLZ 
others 


Definitions for Figs 20 and 21: 


Ci = load capacitance including jig and 
probe capacitance 
(see AC CHARACTERISTICS for 
values). 

RT = termination resistance should be equal 
to the output impedance Zo of the 
pulse generator. 

ty = t¢=6ns; when measuring fax, there 
is nO constraint to t,, te with 50% 
duty factor. 


FAMILY | AMPLITUDE | Vy 


74HC =| Voc 50% 
74HCT | 3.0V . 


PC74HC/HCT4052 
MSI 


AMPLITUDE 
NEGATIVE 
INPUT 
PULSE 
- OV 
_— + triHlt) try(ts) > 
AMPLITUDE 
POSITIVE 
INPUT 
PULSE 


OV 


7Z87476.3 


Fig. 21 Input pulse definitions. 
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TRIPLE 2-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 


FEATURES 


® Low “ON” resistance: 
80 2 (typ.) at Vcc — Veg =4.5V 
70 Q (typ.) at Vee — Veg = 6.0 V 
60 22 (typ.) at Vec — Veg = 9.0 V 
@ Logic level translation: 
to.enable 5 V logic to communicate 
with + 5 V analog signals 
@ Typical “break before make” built in 
® Output capability: non-standard 
® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4053 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the “4053” of the 
“‘A000B” series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4053 are triple 2-channel 
analog multiplexers/demultiplexers with 
a common enable input (E). Each 
multiplexer/demultiplexer has two 
independent inputs/outputs (nYg and 
nY 41), acommon input/output (nZ) and 
three digital select inputs (Sg to S9). 


With E LOW, one of the two switches is 
selected (low impedance ON-state) by 
So to Sg. With E HIGH, all switches are 
in the high impedance OF F-state, 
independent of Sq to S9. 


Vcc and GND are the supply voltage pins 
for the digital control inputs (Sg to S9, 
and E). The Vcc to GND ranges are 

2.0 to 10.0 V for HC and 4.5 to 5.5 V for 
HCT. The analog inputs/outputs (nYo 
and nY4, and nZ) can swing between 
Vcc as a positive limit and Veg as a 
negative limit. Vcc — VEE may not 
exceed 10.0 V. 


For operation as a digital 
multiplexer/demultiplexer, Veg is 
connected to GND (typically ground). 


7Z93963 


Fig. 1 Pin configuration. 


TYPICAL 


PARAMETER 


SYMBOL 
; / turn “ON” time 
oe E to Vos 

PZL Sp to Vos 


turn “OFF” time Vec=5V 
tPHzZ/ E to Vos 20 ns 
PLZ Sp to Vos 19 ns 


power dissipation 
Capacitance per switch 


max. switch capacitance 
independent 
common 


Vee = GND =O V; Tamb = 25 °C; ty = te = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp = Cpp x Vcc? x fj + Z((CL + Cs) x Voc? x fo } where: 


fj; = input frequency in MHz Ci. = output load capacitance in pF 
fg = output frequency in MHz Cs = max. switch capacitance in pF 
Z{(C_ + Cs) x Voc? x fo} = sum of outputs Vcc = supply voltage in V 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4053P: 16-lead DIL; plastic (SOT-382Z). 
PC74HC/HCT4053T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


7293965 


Fig. 2 Logic symbol. Fig. 3 |EC logic symbol. 
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PIN DESCRIPTION 


PIN NO. SYMBOL NAME AND FUNCTION 


APPLICATIONS 


@ Analog multiplexing and 
demultiplexing 

® Digital multiplexing and 
demultiplexing 

® Signal gating 


2Y0, 2Y4 
3YQ9, 3¥4 
E 

VEE 


independent inputs/outputs 


independent inputs/outputs 
enable input (active LOW) 
negative supply voltage 


GND ground (0 V) 
11, 10, 9 So to S92 select inputs 
12, 13 1Y9, 1Y4 independent inputs/outputs 
14, 15,4 1Z to 3Z common inputs/outputs 


16 positive supply voltage 


FUNCTION TABLE 


INPUTS 


CHANNEL 
ON 


H = HIGH voltage level 
L = LOW voltage level 
X = don’t care 


LEVEL 
CONVERSION 


ris 


7Z93966 


Fig. 4 Functional diagram. 


from logic 


7293212 


Fig. 5 Schematic diagram (one switch), 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages are referenced to Veg = GND (ground = 0 V) 


DC supply voltage 
DC digital! input diode current 


PARAMETER UNIT | CONDITIONS 


for Vj <-0.5 Vor V} > Veg + 0.5 V 


DC switch diode current for Vg <-0.5 Vor Vg > Vcc + 0.5 V 


DC switch current for -0.5V<Vsg<Vcect0.5V 


DC Veg current 


*Icc; DC Vcc or GND current 
*IGND 
storage temperature range 
Prot power dissipation per package for temperature range: —40 to +125 °C 


74HC/HCT 
above +70 °C: derate linearly with 8 mW/K 


plastic DIL 500 mW 


plastic mini-pack (SO) 400 mW above +70 °C: derate linearly with 6 mW/K 


Note to ratings 


To avoid drawing Vcc current out of terminals nZ, when switch current flows in terminals nY,, the voltage drop across the 
bidirectional switch must not exceed 0.4 V. If the switch current flows into terminals nZ, no Vcc current will flow out of 
terminals nYj,. In this case there is no limit for the voltage drop across the switch, but the voltages at nY, and nZ may not 
exceed Vcc or VEE. 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL | PARAMETER 

Vcc DC supply voltage Vec-GND 
Vcc DC supply voltage Vcc-VEE 
V\ 

Vs 


CONDITIONS 


see Figs 6 and 7 


see Figs 6 and 7 


DC input voltage range 


operating ambient temperature range 
operating ambient temperature range 


DC switch voltage range 


see DC and AC 
CHARACTERISTICS 


input rise and fall times 
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72Z93213.1 7293214,1 


VAVAVAVAVA 


Lee 


Voc Vee V) 


Fig. 6 Guaranteed operating area as a function of 
the supply voltages for 74HC4053. 


Fig. 7 Guaranteed operating area as a function of 
the supply voltages for 74HCT4053. 


DC CHARACTERISTICS FOR 74HC/HCT 


For 74HC: Vcc-— GND or Vcc — Veg =2.0, 4.5, 6.0 and 9.0 V . 
For 74HCT: Voc - GND =4.5 and 5.5 V; Voc - Veg =2.0, 4.5, 6.0 and 9.0 V 


Tamb (°C) 
74HC/HCT 
SYMBOL | PARAMETER 


TEST CONDITIONS 


—40 to +85 | —40 to +125 


RON ON resistance (peak) ~ tse 
70 =| 130 
150 | — 

Ron | ON resistance © ee a 
60 | 105 
150 | — 

RON ON resistance ae 
65 | 120 

maximum AON resistance 
between any two channels 


Notes to DC characteristics 

1, At supply voltages (Vcc — VEE) approaching 2.0 V the analog switch ON-resistance becomes extremely non-linear. There it is 
recommended that these devices be used to transmit digital signals only, when using these supply voltages. 

2. For test circuit measuring Roy see Fig. 8. 
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DC CHARACTERISTICS FOR 74HC 
Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 


74HC 


UNIT | Voc} VEEI V1 OTHER 
-40 to +85 | -40to+125 V Vv 


SYMBOL | PARAMETER 


HIGH level input voltage 


LOW level input voltage 
input leakage current 


analog switch OF F-state 
current per channel 


analog switch OF F-state | 0.1 
current all channels : 
analog switch ON-state 01 
current , 
: 8.0 
Icc quiescent supply current 16.0 


ee VEE 
(see Fig. 10 aj 
Vsl= 


Voc- VEE 
(see Fig. 10) 


Vsl= 
Vcc ~ VEE 
(see Fig. ri 


Vig = VEfor 
Vcc: Vos = 
VccorVeE 


80.0 
160.0 
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AC CHARACTERISTICS FOR 74HC 
GND = 0 V; t, = tp = 6 ns; CL = 50 pF 


SYMBOL 


Tamb (°C) TEST CONDITIONS 
UNIT 


Vec | Veg} OTHER 
V V 
L 


Soo eese 
15 | 60 75 Ry =o 
propagation delay 5 12 15 : 
C, = 50 pF 
4 8 10 . : : 
é Ry = 1 kQ,; 
turn “ON” time C; =50 pF 
E to Vos : (see Figs 19, 
: : 20 and 21) 
. Rp =1kQ; 
turn ““ON"” time : C, = 50 pF 
Sp to Vos ; (see Figs 19, 
: : 20 and 21) 
Rp =1kQ; 
tpHz/ turn “OFF” time ; C, =50 pF 
tPLz E to Vos ; (see Figs 19, 
: A 20 and 21) 
Ry = 1kQ; 
tpHz/ turn “OFF” time C, = 50 pF 
tpLz Sp to Vos (see Figs 19, 
20 and 21) 
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LOW level input voltage 


MSi 
DC CHARACTERISTICS FOR 74HCT 
Voltages are referenced to GND (ground = 0 V) 
wee Nea onesies bt Se: coms 
Tamb (°C) TEST CONDITIONS 
ae | i 
SYMBOL | PARAMETER UNIT | Vcc} VEE Vi OTHER 
+25 -40 to +85 | -40to +125 Vv | 
rn] ve [en [win] mae [in mee || + — 
——————- adhe cand eo nena 
4.5 i : 
HIGH level input voltage : : : 2.0 V to 
5.5 
weed (aati ene rie! tem ae ies Sie Se Ee 
4.5 : 
[ 


input leakage current | | 
GND | Bi 
| | gh = | 
tle analog ele relia ; Voc> VEE | 
current per channe | | (see Fig. 70) 
log switch OFF-stat Boe 
analog switc -State V V 
=S current all channels : ; org. ro) 
log switch ON-stat | | ivsi 
tls analog switc state 0.1 : Vec~ VEE 
current ae Sie Fig. 41 ) 
8.0 | Vis = VEE OF 
Icc quiescent supply current 16.0 / “n| # f ; Voc: Vos = 
| Voc or VEE 
additional ey 45 Vee other inputs 
oe hia nih ra aes 450 490 |wA | to {O |-2.1 | at Vegor 
Alcc unit load coefficient is 1 360 e 55 V | ee 
(note 1) | l 


Note to HCT types 


1. The value of additional quiescent supply current (Alcc) for a unit load of 1 is given here. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


0.50 
0.50 
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AC CHARACTERISTICS FOR 74HCT 
GND =OV;t, = t¢=6 ns; CL = 50 pF 


sete tare c) TEST CONDITIONS 


Pa 


SYMBOL | PARAMETER UNIT 
| 425 | 4010 +85, | -A0 to +85. -~40 to +125 


propagation delay 


Vig to Vos oe: = 50 DF 


(see Fig. 18) 


Rp =1kQ; 

turn “ON” time Cy = 50 pF 

E to Vos (see Figs 19, 
20 and 21) 


RL =1kQ; 
turn “ON” time 60 C, = 50 pF 

Sp to Vos 43 (see Figs 19, 
20 and 21) 


Ry =1kQ; 

turn “OFF” time 55 C,. = 50 pF 

E to Vos 39 (see Figs 19, 
20 and 21) 


Rp =1kQ; 

turn “OFF” time 55 Cy = 50 pF 
Sp tO Vos 39 (see Figs 19, 

| 20 and 21) 
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HIGH 
(from select inputs) 


Vis =Oto Vcc = VEE 


7293956 


Fig. 8 Test circuit for measuring Ron. 


LOW 
(from select inputs) 


Vy = Vec or Veg 


PC74HC/HCT4053 
MSI 


7293942.1 


Fig. 9 Typical Rony as a function of input voltage 
Vis for Vi; =O to Vcc - VEE. 


Vo = VEE or Vec 


VEE 


7Z93957 


Fig. 10 Test circuit for measuring OF F-state current. 


(from select inputs) 


v\ = Veg or Vec 


Vo (open circuit) 


7293958 


Fig. 11 Test circuit for measuring ON-state current. 
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ADDITIONAL AC CHARACTERISTICS FOR 74HC/HCT 
Recommended conditions and typical values 


GND = 0 V; Tampb = 25°C 


SYMBOL PARAMETER eae 
sine-wave distortion 0.04 
f =1 kHz 0.02 
pa wave aikérion 0.12 
=10 kHz 0.06 
switch “OFF” signal —50 
feed-through —50 


ne wes P) | CONDITIONS 

2.26 2.25 Ri = 10 kQ; Cy = 50 pF 
ay (see Fig. 14) 

2.25 4.0 Ri = 10 kQ; Cy = 50 pF 

—4,5 (see Fig. 14) 


Ry = 600 £2; Cy = 50 pF 
f = 1 MHz (see Figs 12 and 15) 


Cc 
= 
= 


PNM 
oh 
Oo 


crosstalk between 
any two switches/ 


Ry = 600 2; Cy = 50 pF; 
f = 1 MHz (see Fig. 16) 


; - 
R,. = 600 2; Cy = 50 pF; 
f = 1 MHz (E or S,, 
square-wave between Vcc 


7 a 
multiplexers 
crosstalk voltage between 
control and any switch 
and GND, ty = t¢ = 6 ns) 
(see Fig. 17) 


(peak-to-peak value) 
f minimum frequency response 160 MHz : = —2.25 ae, Ry, = 50 22; Cy = 10 pF 
max (—3dB) 170 MHz —4.5 (see Figs 13 and 14) 


maximum switch capacitance 


V(p—p) 4.5 


2) 
n 


independent 
common 


Notes to AC characteristics 


General note 

Vig is the input voltage at an NY, or nZ terminal, whichever is assigned as an input. 
Vos Is the output voltage at an nYy or NZ terminal, whichever is assigned as an output. 
Notes 


1. Adjust input voltage Vj, to 0 dBm level (0 dBm = 1 mW into 600 2). 
2. Adjust input voltage Vj, to 0 dBm level at Vos for 10 kHz (0 dBm = 1 mW into 50 2). 


Fig. 12 Typical switch “OFF” signal 
feed-through as a function of frequency. 
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7293946 
lil Note to Figs 12 and 13 
Test conditions: 
Vcc = 4.5 V; GND =0 V; Veg = —4.5 V; 
RL = 50 22; Resource = | kQ. 


me 
TIN I 
Sl aailll 
lll 
RA eal Fig. 13 Typical frequency response. 


4 5 6 
10 10” ttkz) «= 


channel 
OFF 


7Z93959 7293960 


Fig. 15 Test circuit for measuring switch “OFF” 
signal feed-through. 


Fig. 14 Test circuit for measuring sine-wave 
distortion and minimum frequency response. 


channel 
OFF 


channel 
ON 


¥ 7 7293961 

(a) (b) 
Fig. 16 Test circuits for measuring crosstalk between any two switches/multiplexers. 
(a) channel ON condition; (b) channel OFF condition. 


Note to Fig. 17 


The crosstalk is defined as follows 
(oscilloscope output): 


—/\— Vip-p) 
Y 

7293949 

7293962 


Fig. 17 Test circuit for measuring crosstalk between 
control and any switch. 
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AC WAVEFORMS 


Vos OUTPUT 


7293249.1 


Fig. 18 Waveforms showing the input (Vj,) to 
output (Vos) propagation delays. 
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E.S, INPUTS 


Vos OUTPUT 


Vos OUTPUT 


switch 
7293218.2 ON 


Fig. 19 Waveforms showing the turn-ON and turn-OF F times. 


Note to Fig. 19 


(1) HC : Viy = 50%; Vy) = GND to Vcc. 
HCT: Vy =1.3 V; Vj = GND to 3 V. 
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TEST CIRCUIT AND WAVEFORMS 


AMPLITUDE 


Pies Ov 
trey(t,) > <_ 


try (te) _ a 


Vec NEGATIVE 
INPUT 
PULSE 


O 
O open 


PULSE 
GENERATOR 


7293951 


SWITCH 


AMPLITUDE 


POSITIVE 
GND INPUT 
PULSE 


OV 


72Z87476.3 


Fig. 20 Test circuit for measuring AC performance. Fig. 21 Input pulse definitions. 


Stet 
FAMILY | AMPLITUDE | Vjy 
fmax: 
PULSE WIDTH | OTHER 


74HC | Vec 50% | <2ns 6 ns 
74HCT | 3.0V <2ns 6 ns 


Conditions 


TEST SWITCH 


tPZ2H 
tpZL 
tPHZ 


tPLZ 
others 


Definitions for Figs 20 and 21: 


Ci = load capacitance including jig and 
probe capacitance 
(see AC CHARACTERISTICS for 
values). 

Ry = termination resistance should be equal 
to the output impedance Zo of the 
pulse generator. 

tr = t¢=6ns; when measuring fra, there 

is nO constraint on t,, t¢ with 50% 

duty factor. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


PROGRAMMABLE DIVIDE-BY-N COUNTER 


FEATURES 


@ Output capability: standard 
® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4059 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the ‘’4059” of the 
“4000B” series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT 4059 are divide-by-n 
counters which can be programmed to 
divide an input frequency by any number 
(n) from 3 to 15 999. The output signal is a 
one clock-cycle wide pulse and occurs at 

a rate equal to the input frequency 

divided by n. The down counter is preset 
by means of 16 jam inputs (J1 to J46). 
The three mode selection inputs (S_ to S3) 
determine the modulus (‘‘divide-by”’ 
number) of the first and last counting 
sections in accordance with the function 
table. Every time the first (fastest) 
counting section goes through one cycle, 

it reduces by 1, the number that has been 
preset (jammed) into the three decades of 
the intermediate counting section and 

into the last counting section (which 
consists of flip-flops that are not needed 
for operating the first counting section). 


For example, in divide-by-2 mode, only 
one flip-flop is needed in the first 
counting section. Therefore the last (5th) 
counting section has three flip-flops that 
can be preset to a maximum count of 
seven with a place value of thousands. 


This counting mode is selected when Sj, 
S2 and S3 are set HIGH. In this case input 
J1 is used to preset the first counting 
section and J9 to Jq are used to preset 
the last (5th) counting section. 


(continued on next page) 


Fig. 1 Pin configuration. 


TYPICAL 


SYMBOL PARAMETER CONDITIONS 
tpHL/ propagation delay 
tPLH CP to Q 


maximum clock frequency 
input capacitance 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4059P: 24-lead DIL; plastic (SOT-101A). 
PC74HC/HCT4059T: 24-lead mini-pack; plastic (SO-24; SOT-137A). 


PIN DESCRIPTION 


/PINNO. SYMBOL NAME AND FUNCTION 


1 clock input (LOW-to-HIGH, edge-triggered) 
2 latch enable (active HIGH) 
3,4,5,6, 


22,21, 20, 19, programmable jam inputs (BCD) 


18, 17, 16, 15, 
10,9, 8,7 
12 ground (0 V) 
14, 13, 11 
23 divide-by-n output 
24 positive supply voltage 


mode select inputs 
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GENERAL DESCRIPTION (Cont'd) 


\f divide-by 10 mode is desired for the 
first section, S1 is set HIGH, Sp HIGH 

and S3 LOW. The jam inputs J1 to Jq are 
used to preset the first counting section 
and there is no last counting section. 

The intermediate counting section consists 
of three cascaded BCD decade (divide-by- 
10) counters, presettable by means of the 
jam inputs Js to J46. 


When clock pulses are applied to the clock 
input (CP) after a number ‘‘n”’ has been 
preset into the counter, the eeanter counts 
down until the DETECTION circuit 
detects the zero state. At this time the 
PRESET ENABLE circuit is enabled to 
preset again the number ‘’n”’ into the 
counter and to produce an output pulse. 


The preset of the counter to a desired 
divide-by-n is achieved as follows: 


n = (MODE*) (1000 x decade 5 preset + 
+ 100 x decade 4 preset + 
+ 10 x decade 3 preset + 
+ 1 x decade 2 preset) + 
+ decade 1 preset 


* MODE = first counting section divider 
(10, 8, 5, 4 or 2). 


"4 yy 


To calculate preset values for any 
count, divide the ‘’n’’ count by the 
selected mode. The resultant is the 
corresponding preset value of the 5th to 
the 2nd decade with the remainder being 
equal to the 1ste decade value; 

preset value = n/mode. 


If n = 8479, and the selected mode = 5, 
the preset value = 8479/5 = 1695 with a 
remainder of 4, thus the jam inputs must 
be set as shown in Table 1. 


The mode select inputs permit frequency- 
synthesizer channel separations of 10, 
12.5, 20, 25 and 50 parts. These inputs 
set the maximum value of ‘‘n’”’ at 9999 
(when the first counting ee divides 
by 5 or 10) or at 15 999 (when the first 
counting section divides by 8, 4 or 2). 


The three decades of the intermediate 
counting section can be preset to a binary 
15 instead of a binary 9. In this case the 
first cycle of a counter consists of 

15 count pulses, the next cycles consisting 
of 10 counting pulses. Thus the place 
value of the three decades are still 1, 10 
and 100. For example, in the divide-by-8 
mode, the number from which the 


Table 1 


intermediate counting section begins to 
count-down can be preset to: 


3rd decade: 1500 
2nd decade: 150 
1st decade: 15 


1665 


The last counting section can be preset to 
a maximum of 1, with a place value of 
1000. The total of these numbers (2665) 
times 8 equals 21 320. The first counting 
section can be preset to a maximum of 7. 
Therefore, 21 327 is the maximum possible 
count in the divide-by-8 mode. The highest 
count of the various modes is shown in the 
function table, in the column entitled 
“extended counter range’’. Control inputs 
S2 and S3 can be used to initiate and lock 
the counter in the ‘‘master preset’’ mode. 
In this condition the flip-flops in the 
counter are preset in accordance with the 
jam inputs and the counter remains in 
that mode as long as Sj and $3 both 
remain LOW. The counter begins to run 
down from the preset state when a 
counting mode other than the ‘master 
preset’’ mode is selected. Whenever the 
“master preset’’ mode is used, control 
signals Sp = S3 = LOW must be applied 
for at least 3 full clock pulses. After the 
master preset mode inputs have been 
changed to one of the counting modes, 
the next positive-going clock transition 
changes an internal flip-flop so that the 
count-down can begin at the second 
positive-going clock transition. Thus, after 
a ‘‘master preset’’ mode, there is always 
one extra count before the output goes 
HIGH. Figure 2 illustrates the operation 
of the counter in the divide-by-8 mode 
starting from the preset state 3. 


CP INPUT 


S3 INPUT 
(Sq, S29 = LOW) 


internal state 
of counter 


If the ‘‘master preset’ mode is started 
two clock cycles or less before an output 
pulse, the output pulse will appear at the 
time due. If the ‘‘master preset’’ mode is 
not used the counter is preset in 
accordance with the jam inputs when the 
output pulse appears. A HIGH level at the 
latch enable input (LE) will cause the 
counter output to remain in the HIGH 
state until the LE input returns to LOW. 
If the LE input is LOW, the output pulse 
will remain HIGH for only one cycle of 
the clock input signal. 


When $4 = LOW, S9 = HIGH, S3 = LOW 
and LE = LOW, the counter operates in 
the “‘preset inhibit’’ mode, with which the 
dividend of the counter is fixed to 10 000, 
independent of the state of the jam inputs. 


When in the same state of mode select 
inputs LE = HIGH, the counter operates 

in the normal divide-by-10 mode, however, 
without the latch operation at the output. 


Q OUTPUT | | | | | | 


7293362 


Fig. 2 Total count of 3. 


eK 1s a I NO 


rev fw | 
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LATCH MODE 
ENABLE SELECT FIRST COUNTING SECTION 
INPUT INPUTS 
MODE MAX. JAM 
LE So | S3 | DIVIDES | PRESET | INPUTS 
BY STATE | USED 
H | H H 2 1 J4 


LAST COUNTING SECTION COUNTER RANGE 


MODE MAX. JAM DESIGN | EXTENDED 
DIVIDES | PRESET | INPUTS 
BY STATE USED 
8 7 JoJ3U4 15 15.999. | 17 331 


preset inhibited 


H = HIGH voitage level 
L = LOW voltage level 
X = don’t care 


preset inhibited 
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14-STAGE BINARY RIPPLE COUNTER WITH OSCILLATOR 


FEATURES 


@ All active components on chip 

® RC or crystal oscillator 
‘configuration 

® Output capability: standard (except 


for Rtc and Crc) 


® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT 4060 are high-speed 
Si-gate CMOS devices and are pin 
compatible with “4060” of the ‘“‘4000B”’ 
series. They are specified in compliance 
with JEDEC standard no. 7. 


The 74HC/HCT4060 are 14-stage 
ripple-carry counter/dividers and 
oscillators with three oscillator terminals 
(RS, Rt¢ and Cyc), ten buffered outputs 
(Q3 to Ag and Q14 to Q13) and an 
overriding asynchronous master reset 
(MR). 

The oscillator configuration allows design 
of either RC or crystal oscillator circuits. 
The oscillator may be replaced by an 
external clock signal at input RS. 

In this case keep the other oscillator 
pins (Rtc and CTC) floating. 


The counter advances on the negative- 
going transition of RS. A HIGH level on 
MR resets the counter (Q3 to Qg and 
Q41 to Q73 = LOW), independent of 
other input conditions. 


In the HCT version, the MR input is TTL 
compatible, but the RS input has CMOS 
input switching levels and can be driven 
by a TTL output by using a pull-up 
resistor to Vcc. 


7293320 


Fig. 1 Pin configuration. 
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TYPICAL 


SYMBOL PARAMETER 


maximum clock frequency 


power dissipation notes 4. Sand 
capacitance per package ; 


GND = 0 V; Tamb = 25 °C; t, = tf = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fi + = (CL x VCC? x fo) where: 

fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
z (Cy x Vec? x fo) = sum of outputs 

2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


3. For formula on dynamic power dissipation see next page. 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4060P: 16-lead DIL; plastic (SOT-382Z). 
PC74HC/HCT4060T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


IPINNO. | SYMBOL NAME AND FUNCTION 


Q41 to Q413 


counter outputs 
Q3 to Ag 
GND ground (0 V) 

Ctc external capacitor connection 
Rtc external resistor connection 
RS clock input/oscillator pin 


master reset 
positive supply voltage 


counter outputs 


7293321 TAgss22 


Fig. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 


14-stage binary ripple counter with oscillator PC74HC/HCT 4060 
MSI 


DYNAMIC POWER DISSIPATION FOR 74HC 


PARAMETER ae TYPICAL FORMULA FOR Pp (uW) (note 1) 


total dynamic power Cp X fose X Vac” + LICL x Vac? x fo) + 2C4 x Vc? x fose + 60x Vee 
dissipation when using the : Cpp X fose X Vc? + LICL x Vec? x fo) + 2Cz x VEC? x fose + 1 750 x Veco 
on-chip oscillator (Pp) é Cpp x fose X Vec? + LICL x Vcc? x fo) + 2Cy x VEC? x fose + 3 800 x Voc 


GND = 0 V; Tamb = 25 °C 


DYNAMIC POWER DISSIPATION FOR 74HCT 


PARAMETER TYPICAL FORMULA FOR Pp (xW) (note 1) 


total dynamic power 
dissipation when using the Cpp X fose x Vec? + Z(CL x VEC? x fo) + 2C¢ x Vcc? x fose + 1750 x Vee 
on-chip oscillator (Pp) 


GND = 0 V; Tamb = 25 OC 


Notes 
1. Where: fg = output frequency in MHz Ci. =output load capacitance in pF 
fosc = oscillator frequency in MHz C; = timing capacitance in pF 


(CL x Vec? x fo) = sum of outputs Vcc = supply voltage in V 


APPLICATIONS 


® Control counters 
@ Timers 

@ Frequency dividers 
@ Time-delay circuits 


7293324 


Fig. 5 Logic diagram. 
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PC74HC/HCT4060 


802 


MSI 


DC CHARACTERISTICS FOR 74HC 

Output capability: standard (except for Rt¢ and CT¢) 
Icc category: MSI 

Voltages are referenced to GND (ground = 0 V) 


SYMBOL | PARAMETER 


TEST CONDITIONS 


at 
2 3 
ro 
O13 
Q 


LOW level input voltage 
RS input 


UNIT | Vcc! VI OTHER 
+25 —40to +85 | —40to+125 V 
-min.| typ. | max. | min. | max. | min. | | 
1.5 | 1.3 1.5 1.5 
Vin HIGH level input voltage 3.15] 2.4 3.15 3.15 
MR input 4.2 | 3.1 4.2 4.2 
0.7 | 0.3 0.3 0.3 
Vib LOW level input voltage 18 109 0.9 0.9 
MR input 2.3 | 1.2 122 1.2 
1.7 1.7 
HIGH level input voltage Les 
a 3.6 3.6 
input 48 48 


3.84 


3.84 —Ig = 0.65 mA 


—IG = 0.85 mA 


G1 Go 
oO 
Co 00 
-~o°O 
NOW 
Ou. OF o 
oORW|] Ww wo 
B B 


HIGH level output voltage 
RTc output 


HIGH level output voltage 
except Rtc output 


H!GH level output voltage 
except Rtc and Ctc¢ 
outputs 


LOW level output voltage 
RtTc output 


LOW level output voltage 
CTc output 


(continued on next page) 
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PC74HC/HCT4060 
MSI 


14-stage binary ripple counter with oscillator 


DC CHARACTERISTICS FOR 74HC (continued) 
Voltages are referenced to GND (ground = 0 V) 


z TEST CONDITIONS 
SYMBOL | PARAMETER 


2.0 
LOW level output voltage ; : . 
except RT¢ output Vv 4.5 


LOW level output voltage lo =4.0mA 


except Rtc and Cyc ; lo =5.2 mA 
outputs 


input leakage current 


quiescent supply current 
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MSI 


AC CHARACTERISTICS FOR 74HC 
GND =O V;t, =t¢=6ns;C, = 50 pF 


SYMBOL 


tpHL/ 
tPLH 


PARAMETER 


propagation delay 
RS to Q3 


propagation delay 
Qn to On+1 


propagation delay 
MR to Q, 


output transition time 


clock pulse width 
RS; HIGH or LOW 


master reset pulse 
width MR; HIGH 


removal time 
MR to RS 


maximum clock pulse 
frequency 
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375 
75 
64 


20 


PC74HC/HCT4060 
MSI 


14-stage binary ripple counter with oscillator 


DC CHARACTERISTICS FOR 74HCT 


Output capability: standard (except for Rt¢ and Crc) 
Icc category: MSI 


Voltages are referenced to GND (ground = 0 V) 


TEST CONDITIONS 


SYMBOL | PARAMETER 


HIGH level input voltage note 2 


note 2 


LOW level input voltage 


—lo = 0.65 mA 


HIGH level output voltage 
RtTc output 


VOH 


HIGH level output voltage 
Ctc output 


HIGH level output voltage 
except Ry¢ output 


HIGH level output voltage 
VOH except Rtc and Crc 
outputs 


Vv LOW level output voltage 
OL Rtc output 


LOW level output voltage 
Crc output 


LOW level output voltage 
except RT¢ output 


LOW level output voltage 
except RtTc and Ctc¢ 
outputs 


input leakage current 


(continued on next page) 
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DC CHARACTERISTICS FOR 74HCT (continued) 
Voltages are referenced to GND (ground = 0 V) 


a °C) TEST | TESTCONDITIONS 
aT | 
SYMBOL | PARAMETER UNIT a Vi OTHER 
928 | #010 +88 | ~aot0-n125. 
a a 
5.5 a 
GND 
4.5 
£0 aoe V 
55 | 
Notes to HCT types 


1. The value of additional quiescent supply current (Alcc) for a unit load of 1 is given here. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 
2. Only input MR (pin 12) has TTL input switching levels for the HCT versions. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND=0 V; t, = t¢=6ns; Cy, = 50 pF 


quiescent supply current 


additional quiescent supply 
current per input pin for 
unit load coefficient is 1 
(note 1) 


other inputs at 
Vcc or GND; 
lo =0 


Alcc 


ie 
O 


input 


Tamb (°C) TEST CONDITIONS 


74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
—40to+85 | —40 to +125 Vv 


tpHL/ propagation delay 
tPLH RS to Q3 


tpHL/ propagation delay 
tPLH Qpy to On+4 


propagation delay 
"PHL MR to Oy 


tTHL/ output transition time 
tTLH 
clock pulse width 
RS; HIGH or LOW 
master reset pulse 
width MR; HiGH 
removal time 
MR to RS 
maximum clock pulse 
frequency 


Ne) w a 
pa ee eee a 
poe 
oO 
N 
N N 
7m 
[co] 
es 
N 


NO W NO NO 
Ow NO 
Zz 7 " 
S 
x 
N 
hb 
Ol 
| nm] mo 
a ral a (a) 
—" = om —" 
—_ NO NO —_ 


20 


ie) NO 


-h = 
3 © 
2 3 
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PC74HC/HCT4060 
MSI 


14-stage binary ripple counter with oscillator 


7293326 


| 


Vi~w 


(f= 1kHz) 


G 
7293325 


6 
- 3 Voc (V) 
Fig. 6 Test set-up for measuring forward 


transconductance gf. = dig/dvj at Fig. 7 Typical forward transconductance gf, 
Vo is constant (see also graph Fig. 7); as a function of the supply voltage Vcc at 
MR = LOW. Tamb = 25 °C. 


RC OSCILLATOR 


7293327 


MR (from logic) 


10 7293328 
103 R, (2) 108 


407% 1072 C, (uF) 1074 


Fig. 8 RC oscillator frequency as a function 
_ of Ry and Cy at Vcc = 2.0 to 6.0 V; 

Tamb = 25 °C. 

Cy curve at Ry = 100 kQ; R2 = 200 kQQ. 

Ry curve at Cy = 1 nF; R2= 2 x Ry. 


Fig. 9 Example of a RC oscillator. 


Typical formula for oscillator frequency: 
_ 1 
fose ¥ 2.5 X Rt Xx Cy 


TIMING COMPONENT LIMITATIONS 


The oscillator frequency is mainly determined by RC, provided R2 ~ 2Ry and R2C2 « RyCy. The function of R2 is to minimize the 
influence of the forward voltage across the input protection diodes on the frequency. The stray capacitance C2 should be kept as small 
as possible. In consideration of accuracy, Cy must be larger than the inherent stray capacitance. Ry must be larger than the ““ON” 
resistance in series with it, which typically is 280 02 at Vcc = 2.0 V, 130 2 at Vcc = 4.5 V and 100 22 at Vcc = 6.0 V. 

The recommended values for these components to maintain agreement with the typical oscillation formula are: 


Cy > 50 pF, up to any practical value, 
10 k822 << Rye < 1 MQ. 
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PC74HC/HCT4060 
MSI 


TYPICAL CRYSTAL OSCILLATOR 


In Fig. 10, R2 is the power limiting resistor. 

For starting and maintaining oscillation a minimum 
transconductance is necessary, so R2 should not 

be too large. A practical value for R2 is 2.2 kQ. 


MR (from logic) 


100 pF 


7293329 


Fig. 10 External components connection for a 
crystal oscillator. 


AC WAVEFORMS 


MR INPUT 


RS INPUT 


RS INPUT 


Q3 OUTPUT 


7Z93330 


Q,, OUTPUT 


7293331 


Fig. 12 Waveforms showing the master reset 
(MR) pulse width, the master reset to output 
(Q,) propagation delays and the master reset 
to clock (RS) removal time. 


Fig. 11 Waveforms showing the clock (RS) to 
output (Q3) propagation delays, the clock pulse 
width, the output transition times and the 
maximum clock frequency. 


Q, OUTPUT 


Q,,44 OUTPUT 
7293332 
Fig. 13 Waveforms showing the output (Q,,) to Note to AC waveforms 


Qn+1 propagation delays. (1) HC : Vyyq = 50%; V\ = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 
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DEVELOPMENT DATA 
This data sheet contains advance information and PC74HC/HCT4066 


specifications are subject to change without notice. 


SSI 


QUAD BILATERAL SWITCHES 


FEATURES TYPICAL 
®@® Very low “ON” resistance: SYMBOL PARAMETER CONDITIONS UNIT 
pF 


50 (2 (typ.) at Veg = 4.5 V 


45 © (typ.) at Veg = 6.0 V 
iS propagation delay 
35 {2 (typ.) at Vec = 9.0 V turn-on time 17 19 
© Output capability: non-standard propagation delay 
e Icc category: SSI turn-off time 15 17 


GENERAL DESCRIPTION input capacitance 


The 74HC/HCT 4066 are high-speed GND=OV:T b= 25°C: t- = ipS 6 ns 
Si-gate CMOS devices and are pin ay oo 
compatible with the “4066” of the 


ee series. Tey at epee in ORDERING INFORMATION/PACKAGE OUTLINES 
ee ee ee PC74HC/HCT4066P: 14-lead DIL; plastic (SOT-27). 
The 74HC/HCT 4066 have four PC74HC/HCT4066T: 14-lead mini-pack: plastic (SO-14; SOT-108A). 


independent analog switches. 

Each switch has two input/output 
terminals (nY, nZ) and an active HIGH 
enable input (nE). When nE is LOW 
the belonging analog switch is turned off. PIN DESCRIPTION 


The ‘’4066” is pin compatible with the SYMBOL NAME AND FUNCTION 
“4016” but exhibits a much lower “ON” 
resistance. In addition, the “ON” 1,4,8, 11 1Y to 4Y independent inputs/outputs 


resistance is relatively constant over the ; . 

full input signal range. 2, 3,9, 10 1Z to 4Z independent inputs/outputs 
7 GND ground (0 V) 

FUNCTION TABLE 13, 5,6, 12 1E to 4E enable inputs (active HIGH) 

14 Vcc positive supply voltage 


SWITCH 


H = HIGH voltage level 
L = LOW voltage level 


7293363 


Fig. 2 Typical Ron asa function of input 
Fig. 1 Pin configuration. voltage Vi, for Vig =O to Vcc. 
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PC74HC/HCT4067 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


16-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 


FEATURES 


® Low “ON” resistance: 

80 2 (typ.) at Vcc = 4.5 V 

70 Q (typ.) at Veg = 6.0 V 

60 (2 (typ.) at Vcc = 9.0 V 
@ Output capability: non-standard 
© Icc category: MSI 
GENERAL DESCRIPTION 
The 74HC/HCT4067 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the “4067” of the 
“‘4000B” series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4067 are 16-channel 
analog multiplexers/demultiplexers with 
four address inputs (Sg to S3), an active 
LOW enable input (E), sixteen 
independent inputs/outputs (Yo to Y45) 
and acommon input/output (Z). 

The ‘“4067” contains sixteen bidirectional 
analog switches, each with one side 
connected to an independent input/output 
(YQ to Y45) and the other side connected 
to a common input/output (Z). 

With E LOW, one of the sixteen switches 
is selected (low impedance ON-state) by 
So to S3. All unselected switches are in the 
high impedance OFF-state. With E HIGH, 
all switches are in the high impedance 

OF F-state, independent of Sg to $3. 

The analog inputs/outputs (YQ to Y75, 
and Z) can swing between Vcc as a 
positive limit and GND as a negative limit. 
Vcc to GND may not exceed 6.0 V. 


APPLICATIONS 


@ Analog multiplexing and 
demultiplexing 

@ Digital multiplexing and 
demultiplexing 

@ Signal gating 


Fig. 1 Pin configuration. 


SYMBOL PARAMETER 


propagation delay 
turn-on time 

propagation delay 
turn-off time 


GND = 0 V; Tamb = 25 °C; t, = tf = 6 ns 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4067P: 24-lead DIL; plastic (SOT-101A). 
PC74HC/HCT4067T: 24-lead mini-pack; plastic (SO-24; SOT-137A). 


PIN DESCRIPTION 


SYMBOL 


NAME AND FUNCTION 


common input/output 


1 

9,8,7,6, 

5, 4, 3, 2, 

23, 22, 21, 20, 
19, 18, 17, 16 


10, 11, 14, 13 
12 
15 
24 


independent inputs/outputs 


address inputs 

ground (0 V) 

enable input (active LOW) 
positive supply voltage 


7293942.1 


Vig (V) 


Fig. 2 Typical Roy as a function of input 
voltage Vig for Vig = 0 to Vcc. 


16-channel analog multiplexer/demultiplexer PC74HC/HCT4067 
MSI 


FUNCTION TABLE 


INPUTS CHANNEL 


Flalefial[s | 


ne (aan! S| Sa 
(nn ee a 
aie) ia an 
Iaorr 
a ees Oe 


| aes Snake IA Ga 
meee rire 
Tice. 
mIrir 


oa 
irir 


ee as ae ad 
NNNN NNNN NNNWN NNNWN 


Str 2S ere 


ee eee oe 


x< ritt 
Lir rr 
x pe Se ae Oe 


x 
x 
x 


H = HIGH voltage level 
L = LOW voltage level 
X = don’t care 


DEVELOPMENT DATA 
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TRIPLE 3-INPUT OR GATE 


FEATURES 


@ Output capability: standard 
® Icc category: SSI 


GENERAL DESCRIPTION 

The 74HC/HCT4075 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the “4075” of the 
“4Q000B”’ series. They are specified in 


compliance with JEDEC standard no. 7. 


The 74HC/HCT4075 provide the 
3-input OR function. 


7287429.1 


Fig. 1 Pin configuration. 
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| . TYPICAL 
PARAMETER CONDITIONS UNIT 


propagation delay CL =15 pF 

tPLH nA, nB, nC to nY Vcc =5V 
power dissipation 

CPD capacitance per gate notes 1 and 2 28 ae 


SYMBOL 


GND =0 V; Tamb = 25 °C; ty = tf = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + © (CL x Vcc? x fo) where: 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
2 (Ci x Vcc? x fo) = sum of outputs 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is V} = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4075P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT4075T: 14-lead mini-pack; plastic (SO-14; SOT-108A). 


PIN DESCRIPTION 


/PINNO, SYMBOL NAME AND FUNCTION 


1A to 3A data inputs 
1B to 3B data inputs 
1C to 3C data inputs 
1Y to 3Y data outputs 


ground (0 V) 
positive supply voltage 


GND 


7Z93161 
7287430.1 


Fig. 3 IEC logic symbol. 


Fig. 2 Logic symbol. 


Triple 3-input OR gate PC74HC/HCT4075 
SSI 


FUNCTION TABLE 


INPUTS OUTPUT 


of>o-y 


7293162 H = HIGH voltage level 
L = LOW voltage level 


X = don’t care 
7287430.1 


Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate). 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 


Output capability: standard 
Icc category: SSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; t, = te = 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 


74HC 
SYMBOL! PARAMETER UNIT | Vcc | WAVEFORMS 
rn ym ome | in| an | in | 
poi feptelal 28 | 100 125 150 2.0 
PHL Bea eee 8 ae 10 |20 25 30 | ns 45 | Fig.6 
tPLH nA, nb, nv ton 8 17 21 26 6.0 
en, 19 | 75 95 110 2.0 
oe output transition time 7 15 19 22 ns 4.5 Fig. 6 
TLH 6 113 16 19 6.0 
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PC74HC/HCT 4075 
SSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’’. 


Output capability: standard 
Icc category: SSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


, unit load 
inpu coefficient 
Prawns 


AC CHARACTERISTICS FOR 74HCT 
GND =O V;t, = t¢=6 ns; Cy = 50 pF 


2 (°C) TEST CONDITIONS 
aT 

SYMBOL| PARAMETER UNIT se WAVEFORMS 

5 —40 to +85 | —40 to +125 

_in.| typ. | max.| min. | max. | min. | max. 
tpHL/ propagation delay 
nA, nB, nC to nY 24 30 36 Fig. 6 
'THL! 7 22 Fig. 6 
tTLH 


output transition time 


AC WAVEFORMS 


nA,nB,nC INPUT 


ny OUTPUT 


7293163 


Fig. 6 Waveforms showing the input (nA, nB, 

nC) to output (nY) propagation delays and the 

output transition times. Note to AC waveforms 

(1) HC : Viy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; Vy = GND to 3V. 
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PC74HC/HCT4094 
MSI 


8-STAGE SHIFT-AND-STORE BUS REGISTER 


FEATURES 


@ Ouput capability: standard 
®@ Icc catagory: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4094 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the “4094” of the 
“4000B”' series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4094 are 8-stage serial 
shift registers having a storage latch 
associated with each stage for strobing 
data from the serial input (D) to the 
parallel buffered 3-state outputs (OPg 
to QP7). The parallel outputs may be 


connected directly to common bus lines. 


Data is shifted on the positive-going 
clock (CP) transitions. The data in each 
shift register stage is transferred to the 
storage register when the strobe input 
(STR) is HIGH. Data in the storage 
register appears at the outputs when- 
ever the output enable input (OE) 
signal is HIGH. 


Two serial outputs (QS and QS9) are 
available for cascading a number of 
“A094” devices. Data is available at QS 
on the positive-going clock edges to 
allow high-speed operation in cascaded 
systems in which the clock rise time is 
fast. The same serial information is 
available at OS9 on the next negative- 
going clock edge and is for cascading 
“4094” devices when the clock rise 
time is slow. 


APPLICATIONS 


@ Serial-to-parallel data conversion 
@ Remote control holding register 


7293855 


Fig. 1 Pin configuration. 


TYPICAL 
CONDITIONS UNIT 


PARAMETER 


SYMBOL 


propagation delay 


CP to QS4 dhe: He ns 
CP to OS 3 ns 
CP to ap. C_ = 15 pF 20 | 21 ns 
STR to OP, Vec=5V 18 | 19 | ns 


fmax maximum clock frequency 


input capacitance 
Cc power dissipation 
PD capacitance per package 
GND = OV; Tamb = 25 C; t; = tp = 6 ns 


Notes 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj+ = (CL x VEC? x fo) where: 

fj = input frequency in MHz CL 
fo = output frequency in MHz VCC 
x (Cy x Vcc? x fo) = sum of outputs 

. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4094P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4094T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


|PINNO. | SYMBOL NAME AND FUNCTION 


strobe input 


output load capacitance in pF 
supply voltage in V 


NO 


serial input 
clock input 


QPg to OP7 parallel outputs 


GND ground (0 V) 
QS1, QS9 
OE output enable input 
Vcc positive supply voltage | 


serial outputs 


15 7293907 7293856 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT4094 
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P REGISTER 


| 

| 

; | 

pete [eed ee ae | 
) : | 

| 


ie 8-STAGE SHIFT . 
Cc 


8-BIT STORAGE 
REGISTER 


3-STATE OUTPUTS 


7293858 
QP; OP, APs AP, OPs APs 


Fig. 5 Logic diagram. 


PARALLEL SERIAL 
OUTPUTS OUTPUTS 


rrr KxKEK 


H =HIGH voltage level 

L =LOW voltage level 

X  =don’'t care 

Z  =high impedance OF F-state 

NC =nochange 

t =LOW-to-HIGH CP transition 

4 =HIGH-to-LOW CP transition 

Q'g =the information in the seventh register stage is transferred to the 8th register stage 
and QS, output at the positive clock edge 


CLOCK INPUT 
DATA INPUT 


STROBE INPUT STR 


OUTPUT ENABLE 


INPUT ve 


INTERNAL Qby (FFO) 
OUTPUT QP9 


INTERNAL Q (FF6) 


OUTPUT 


SERIAL OUTPUT 


SERIAL OUTPUT QS9 | | mee | | 


Fig. 6 Timing diagram. 7293859 
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PC74HC/HCT4094 
MSI 


8-stage shift-and-store bus register 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘“‘HCMOS family characteristics’, section ‘Family specifications’’. 


Output capability: standard 
Icc category: MS! 


AC CHARACTERISTICS FOR 74HC 


GND =OV; ty, = tp=6 ns; Cy = 50 pF 


Tamb (°C) 
74HC 
SYMBOL | PARAMETER 


“a0 186 | ~ad vo HE 
tpy/ propagation delay 
tPLH CP to OS4 


propagation delay 
CP to QS9 


TEST CONDITIONS 


UNIT 


WAVEFORMS 
2.0 

4.5 Fig. 7 

6.0 

2.0 


Fig. 7 


HE 
o 
a 


61 O1 NO WAN WBN 
Oo oO o1—= © Om N 
o1 on o1 

7) n “a 


propagation delay 


on = NM Ol - NO = = — = O1 eT 


CP to OP, 
propagation delay a oe 
STR to OP, AG ; 
110 2.0 
Output transition time 22 ns 4.5 Fig. 7 
19 6.0 
3-state output 55 265 2.0 
enable time 20 53 ns 4.5 Fig. 9 
OE to OP, 16 45 6.0 
3-state output 41 190 2.0 
disable time 15 38 ns 4.5 
OE to OP, 12 32 6.0 
clock pulse width - so Dr ee re 
HIGH or LOW 6 17 20 
strobe pulse width 19 1G ag : 
HIGH or LOW 7 20 24 ns . 
at 6 17 20 
: 14 65 75 2.0 
ae aes 5 13 15 ns 4.5 
" 4 11 13 6.0 
; —6 3 3 2.0 
sos ee ey, 3 3 ns 4.5 
3 9 3 3 6.0 
P eer 28 4.8 4.0 2.0 
Ai staal esi 87 24 20 MHz | 4.5 | Fig.7 
Frequency 103 28 24 6.0 


January 1986 817 


PC74HC/HCT4094 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘'HCMOS family characteristics’, section ‘Family specifications”. 
Output capability: standard 

Icc category: MSI 

Note to HCT types 


The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


AC CHARACTERISTICS FOR 74HCT 
GND =OV;t, = ts =6 ns; Cy = 50 pF 


TEST CONDITIONS 


SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 


—40 to +85 / 40 to +125 | / 40 to +125 | +125 


< 
3 
3 
& 
x 


NO 
(o>) 


propagation delay 
CP to QS4 


tpy_/ propagation delay 
tPLH CP to O22 
tpHi/ propagation delay 
tPLH CP to OP, 


propagation delay 
STR to OP, 
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fL 
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on 


output transition time 


3-state output 
enable time 
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Oo 


3-state output 
disable time 


ie) 
on 
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oO 
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NR 
© 


| NS No ~N NO NO NO NO 
NO o1 = NO 
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clock pulse width 


HIGH or LOW a8 
strobe pulse width 
HIGH or LOW 16 
set-up time 


A hold time 
h D to CP 
F maximum clock pulse 
max frequency 


NO = NO NO 


Ww 
© 
NO — NO 
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8-stage shift-and-store bus register 


AC WAVEFORMS 


CP INPUT 


OUTPUT 


QS_ OUTPUT 
7Z93860 tTHL>! 


Fig. 7 Waveforms showing the clock (CP) to 
output (OP,,, QS, QS) propagation 
delays, the clock pulse width and the 
maximum clock frequency. 


OE INPUT 


OP, 
OUTPUT 
LOW-to-OFF 
OFF - to- LOW 


OP, 


OUTPUT 
HIGH-to-OFF 
OFF - to- HIGH 


outputs — »j.@g Outputs —____aj«g— outputs 


7Z93862 enabled disabled enabled 


Fig. 9 Waveforms showing the 3-state enable 
and disable times for input OE. 


Note to AC waveforms 
(1) HC : Vyq = 50%; V) = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 


PC74HC/HCT4094 
MSI 


STR INPUT 


QP,, OUTPUT 


7293861 


Fig. 8 Waveforms showing the strobe (STR) 
to output (QP,,) propagation delays and 
the strobe pulse width. 


CP INPUT 


D INPUT 


OP, QS1,QSo 
OUTPUT 


7293863 


Fig. 10 Waveforms showing the data set-up 
and hold times for the data input (D). 


Note to Fig. 10 


The shaded areas indicate when the input 
is permitted to change for predictable 
output performance. 
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QUAD BILATERAL SWITCHES 


FEATURES 


@ Low “ON” resistance: 
90 (2 (typ.) at Vcc — VEE =45V 
80 22 (typ.) at Veg — Veg = 6.0 V 
65 (2 (typ.) at Vec — Veg = 9.0 V 
@ Logic level translation: 
to enable 5 V logic to communicate 
with + 5 V analog signals 


® Typical “‘break before make” built in 


® Output capability: standard 
® icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4316 are high-speed 
Si-gate CMOS devices. 

They are specified in compliance 
with JEDEC standard no. 7. 


The 74HC/HCT4316 have four 
independent analog switches. 

Each switch has two input/output 
terminals (nY, nZ) and an active HIGH 
select input (nS). When the enable input 
(E) is HIGH, all four analog switches are 
turned off. 


Current through a switch will not cause 
additional Vcc current provided the 
voltage at the terminals of the switch is 
maintained within the supply voltage 
range; Vcc > (Vy, Vz) > VEE. 

Inputs nY and nZ are electrically 
equivalent terminals. 


Vcc and GND are the supply voltage pins 
for the digital control inputs (E and nS). 
The Vcc to GND ranges are 2.0 to 10.0 V 
for HC and 4.5 to 5.5 V for HCT. 

The analog inputs/outputs (nY and nZ) 
can swing between Vcc as a positive limit 
and Veg as-a negative limit. 

Vcc — VEE may not exceed 10.0 V. 


See the 4016” for the version without 
logic level translation. 


7293975 


Fig. 1 Pin configuration. 


PC74HC/HCT4316 
MSI 


TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 


turn “ON” time 


E to Vos 19 19 ns 
NS to Vos 16 17 ns 
turn “ON” time as 
sis Cr = 15 pF 
tpZ7L E to Vos Rr =f nts 19 24 ns 
nS to Vos Vec =5V 16 21 ns 
turn “OFF” time 
E to Vog 20 
NS to Vos 16 


VEE = GND =0V; Tamb = 25°C; ty = tp = Ons 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in pW): 
Pp = Cpp x Vcc? x ff + ZA(CL + Cg) x Vec? x fo } where: 
fj = input frequency in MHz Ci = output load capacitance in pF 


fo = output frequency in MHz Cs = max. switch capacitance in pF 
D{(C_ + Cs) x Vec? x fg} = sum of outputs Vcc = supply voltage in V 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is V} = GND to Vcc — 1.5 V 
ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4316P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4316T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


7Z93976 


7293977 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT4316 
MSI 


PIN DESCRIPTION FUNCTION TABLE 


[PINNO. SYMBOL NAME AND FUNCTION INPUTS 
SWITCH 
1,4, 10, 13 1Z to 4Z independent inputs/outputs | og | ns | 
2,3, 11, 12 1Y to 4Y independent inputs/outputs 
a L L off 
L H on 
VEE negative supply voltage H Xx off 
15, 5, 6, 14 1S to 4S select inputs (active HIGH) H = HIGH voltage level 


E enable input (active LOW) 
GND ground (0 V) 
16 Vcc positive supply voltage L = LOW voltage level 
X = don’t care 


APPLICATIONS 

Smt a 
® Modulation 
@ Demodulation 
® Chopper 


7293978 


Fig. 4 Functional diagram. 


to other switches 


LOGIC LEVEL 
CONVERSION 


LOGIC LEVEL 
CONVERSION 


7293979 


Fig. 5 Schematic diagram (one switch). 
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Quad bilateral switches PC74HC/HCT4316 
MSI 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages are referenced to Veg = GND (ground = 0 V) 


SYMBOL PARAMETER | MIN. | MAX. | UNIT | CONDITIONS 
Vcc DC supply voltage ; 
20 m 


DC digital input diode current 


for Vj <-0.5 Vor V; > Vect+0.5V 


DC switch diode current for Vs <-0.5 Vor Vg >Vect+ 0.5 V 


0 


2 
50 


for temperature range: —40 to +125 °C 
74HC/HCT 


above +70 °C: derate linearly with 8 mW/K 
above +70 °C: derate linearly with 6 mW/K 


SYMBOL | PARAMETER 
: 
Vcc 


in. 
Veco | DC supply voltage Vcc-GND 2.0 5.0 
DC supply voltage Vcc—-VEE 2. 


© 


see DC and AC 
CHARACTERISTICS 
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PC74HC/HCT4316 
MSI 


7Z93213.1 


eee 
| EEESESE 


Veco: Vee (V) Veco: Veg (V) 


Fig. 7 Guaranteed operating area as a function of the 
supply voltages for 74HCT4316. 


Fig. 6 Guaranteed operating area as a function of the 
supply voltages for 74HC4316. 


DC CHARACTERISTICS FOR 74HC/HCT 


For 74HC: Vcc — GND or Vcc — Veg = 2.0, 4.5, 6.0 and 9.0 V 
For 74HCT: Vcc — GND = 4.5 and 5.5 V; Voc — Veg = 2.0, 4.5, 6.0 and 9.0 V 


SYMBOL | PARAMETER — UNIT | Voc} VEE |!s Vis iVI 
, V V iwA 


RON ON resistance anc 360 
7 215 255 
160 | - es 
80 | 160 200 
70 | 140 175 
60 | 120 150 
170 | - % 
180 225 
160 200 
135 170 


1. At supply voltages (Vcc — VEE) approaching 2.0 V the analog switch ON-resistance becomes extremely non-linear. Therefore it is 
recommended that these devices be used to transmit digital signals only, when using these supply voltages. 
2. For test circuit measuring Roy see Fig. 8. 


TEST CONDITIONS 


+25 
yp. 


t 


o=--— | 
O1N & 
oo 
— NM © 
NWI BD 
Oooo 
Ea 
o-fL 
ooo 
DNDN | D9NND | NNN 


maximum AON resistance 
between any two channels 


NNnND 


Notes to DC characteristics 
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Quad bilateral switches PC74HC/HCT4316 
MSI 


DC CHARACTERISTICS FOR 74HC 


Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER VeE| VI OTHER 
—40 to +85 | -40to+125 Vv 


HIGH level input voltage 


LOW level input voltage 


input leakage current 


analog switch OF F-state 
current 


analog switch ON-state 
current 


Voc VEE 
(see Fig. 11) 


Vis = VEE Or 
Vcc: Vos = 
Vecor VEE 


quiescent supply current 
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PC74HC/HCT4316 
MSI 


826 


AC CHARACTERISTICS FOR 74HC 
GND =0 V;t, = t¢=6 ns; C) = 50 pF 


a ee ( a ee TEST CONDITIONS 
pm 
SYMBOL | PARAMETER U OTHER 
“eee 2010 +85 | 40107125. 
typ. [ max. | min. | max. | oe 


17 | 60 75 90 
tpH/ propagation delay 6 12 15 18 Ry =~; Cy = 50 pF 
tpLy Vis to Vos 5 10 13 15 (see Fig. 18) 
4 8 10 12 
310 Ry = 1 kX; 


Cy = 50 pF 
(see Figs 19, 20 
and 21) 


Re =1 kQ; 
Ci =50 pF 

(see Figs 19, 20 
and 21) 


Re =1kQ; 
C. = 50 pF 

(see Figs 19, 20 
and 21) 


Rp =1kQ; 
Cy = 50 pF 

(see Figs 19, 20 
and 21) 


tpHz/ turn “OFF” time 
tPLZ E to Vos 

tpHz/ 
‘PLZ 


61 | 205 255 
tp7y/ turn ‘’ON” time 22 | 41 51 
tpZzi E to Vos . 18 | 35 

19 | 37 

52 | 175 
tpzH/ turn “ON” time 19 | 35 
tPZL NS to Vos 15 | 30 

17. | 34 


turn “OFF” time 
nS to Vos 
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Quad bilateral switches PC74HC/HCT4316 
MSI 


DC CHARACTERISTICS FOR 74HCT 
Voltages are referenced to GND (ground = 0) 


a __ (°C) TEST | TESTCONDITIONS —_| 


aT 
SYMBOL | PARAMETER [maove-a8 | oN Voc Vee V1 
Eee 


LOW level input voltage 


input leakage current 


analog switch OF F-state vs! - V 
current , ES Fig, 10) 
(see Fig. 10) 


analog switch ON-state ys! V 
current be Fig. 11) 
(see Fig. 11) 


quiescent supply current 


additional quiescent supply 
current per input pin for 
unit load coefficient is 1 
(note 1) 


other inputs 
at Vcc or 


Note to HCT types 


1. The value of additional quiescent supply current (Alc¢) for a unit load of 1 is given here. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 
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PC74HC/HCT4316 
MSI 


7293981 


HIGH 
(from select inputs) 


Vis =QOto Vec-VEE 


| 


7Z93980 i 


| 
Vis (V) 


Fig. 8 Test circuit for measuring Ron. Fig. 9 Typical Ron as a function of input voltage 
Vis for Vi, =O to Vcc - VEE - 


LOW 
(from select inputs) 


Vir Yoo VEE Vo" Vee oF Vec 


VEE 
7293983 


Fig. 10 Test circuit for measuring OF F-state current. 


HIGH 
(from select inputs) 


Vi= Veg oF Voc Vo (open circuit) 


7293982 


Fig. 11 Test circuit for measuring ON-state current. 
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Quad bilateral switches 


AC CHARACTERISTICS FOR 74HCT 
GND =OV;t, =t¢=6ns;C; = 50 pF 


SYMBOL | PARAMETER 


propagation delay 


[te | mans | min. | max. | ein | 


Tamb (°C) 


—40 to +85 | —40to+125 


turn “ON” time 
E to Vog 


; turn “ON” time 
PZL E to Vos 

‘ turn ““ON” time 
PZH NS to Vog 

: turn “ON” time 
PZL NS to Vog 


tpHz/ turn “OFF” time 
tPLZ E to Vos 


turn “OFF” time 
nS to Vos 


PC74HC/HCT4316 
MSI 


TEST CONDITIONS 


Vcc | VEE] OTHER 
V V 
4.5 ; = 


(see Figs 19, 20 
and 21) 


RL =1kQ; 

Cy =50 pF 
(see Figs 19, 20 
and 21) 


Ri =1kQ; 
C, = 50 pF 
(see Figs 19, 20 
and 21) 


Rp =1kQ; 
C; =50 pF 
(see Figs 19, 20 
and 21) 
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PC74HC/HCT4316 
MSI 


ADDITIONAL AC CHARACTERISTICS FOR 74HC/HCT 
Recommended conditions and typical values 


GND =0 V; Tamb = 25°C 


Vv Vv Vis(p— 
SYMBOL | PARAMETER typ. | unit | C© | EE | *islP—p) | Gonpitions 
Vv Vv V 

sine-wave distortion 0.80 | % 2.25 | -2.25 | 4.0 | Rp = 10 kQ; Cy, = 50 pF 

f= 1 kHz 0.40 *o 4.5 -4.5 | 8.0 (see Fig. 14) 
sine-wave Fa ae “to ; a -2.25 | 4.0 eee = 10 kQ; Cy = 50 pF 

%o -4.5 | 8.0 (see eee 14) 

note 1 


f= Fa ae kHz 
a: ‘OFF” signal 2.25 | -2.25 coe | 600 82; Cy = 50 pF 
feed-through 45 -4.5 (see coe | 12 and 15) 
crosstalk between -60 2.25 -2.25 ne 
any two switches ~ 60 4.5 -4.5 
V 
and GND, t, = t¢ = 6 ns) 


= Ri. = 600 2; Cy = 50 pF: 
110 
220 
(see Fig. 17) 


f = 1 MHz; (see Fig. 16) 
minimum frequency response 150 MHz 2.25 a hg eee no 50 2; Cy = 10 pF 
fmax (-3 dB) 160 MHz |4.5 (see Figs 13 and 14) 


f =1MHz (Eorns, 
square-wave between Vcc 


crosstalk voltage between 
control and any switch 
(peak-to-peak value) 


Ry = 600 22; Cy = 50 pF; 
ete | tt 


7293945 


|| TT 1 


Fig. 12 Typical switch “OFF” signal 
feed-through as a function of frequency. 


830 
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Quad bilateral switches PC74HC/HCT4316 
MSI 


7293990 

5 : 

PTE LTE EE ee ees 

OIC TE I CT Festeoneltions: 
eI TT I CSS MAGNO Ni VeE = -45 v: 

TT MGAiiiaamatnll 

Cee 

I\ 

CH Ho i am inn ill! 

ET EE HfL lll 

a | ill 
-§ EN - Hil Fig. 13 Typical frequency response. 

10 10 10 


channel 
OFF 


7293984 7293985 


Fig. 14 Test circuit for measuring sine-wave Fig. 15 Test circuit for measuring switch “OFF” 
distortion and minimum frequency response. signal feed-through. 


channel 
ON 


7293986 


(a) 


Fig. 16 Test circuit for measuring crosstalk between any two switches. 
(a) channel ON condition; (b) channel OFF condition. 


Note to Fig. 17 


The crosstalk is defined as follows 
(oscilloscope output): 


oscilloscope 
GND —\—-— Vig: 
Vv 
EE 7 
7293988 2g3908 


Fig. 17 Test circuit for measuring crosstalk between 
control and any switch. 
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PC74HC/HCT4316 
MSI 


AC WAVEFORMS 


Vi, INPUT 
nS INPUT 


Mes Quine Vos OUTPUT 


7293249.1 
Fig. 18 Waveforms showing the input (Vj) to output Vog OUTPUT 
(Vos) propagation delays. 


switch switch 
7293987.1 ” a “OFF” 


E INPUT 


Vos OUTPUT 


Vo, OUTPUT 


switch switch _— switch 


7293989.1 “ON” “OFF” “ON” 


Fig. 19 Waveforms showing the turn-ON and 
turn-OF F times. 
Notes to Fig. 19 


(1) HC : Vyq = 50%; V) = GND to Vcc. 
HCT: Vy =1.3V; V;=GNDto3V. 
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Quad bilateral switches 


TEST CIRCUIT AND WAVEFORMS 


Voc. Vis Vec 


© open 


PULSE 
GENERATOR 


7293951 


SWITCH 


Fig. 20 Test circuit for measuring AC performance. 


Conditions 


TEST 


'PZH 
tPZL 
tPpHZ 


tPLZ 
others 


swircr 


Definitions for Figs 20 and 21: 


Cy = load capacitance including jig and 
probe capacitance 
(see AC CHARACTERISTICS for 
values). 

Ry = termination resistance should be equal 
to the output impedance ZQ of the 
pulse generator. 

tr = t¢=6ns; when measuring frygx, there 
is nO constraint on t,, te with 50% 
duty factor. 


teeth 
FAMILY | AMPLITUDE | Viy 
'max: OTHER 
PULSE WIDTH 
74HC Yoo 
74HCT Yoo 


PC74HC/HCT4316 
MSI 


AMPLITUDE 
NEGATIVE 
INPUT 
PULSE 
Ov 
~~ 
AMPLITUDE 
POSITIVE 
INPUT 
PULSE 
OV 


7Z287476.3 


Fig. 21 Input pulse definitions. 


50% | <2ns 6 ns 
1.3V|<2ns 6 ns 
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PC74HC/HCT4351 
MSI 


8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER WITH LATCH 


FEATURES 


@ Wide analog input voltage range: 
+5V 
®@ Low “ON” resistance: 
80 {2 (typ.) at Vcc — Veg = 4.5 V 
70 {2 (typ.) at Vcc — Veg = 6.0V 
60 {2 (typ.) at Vec — Veg = 9.0 V 
@ Logic level translation: 
to enable 5 V logic to communicate 
with + 5 V analog signals 
Typical “break before make” built in 
Address latches provided 
Output capability: non-standard 
Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4351 are high-speed 
Si-gate CMOS devices. They are specified 
in compliance with JEDEC standard no. 7. 


The 74HC/HCT4351 are 8-channel analog 
multiplexers/demultiplexers with three 
select inputs (Sg to Sz), two enable inputs 
(E and E9), a latch enable input (LE), 
eight independent inputs/outputs (YQ to 
Y7) and a common input/output (Z). 


With Ey LOW and Eg is HIGH, one of the 
eight switches is selected (low impedance 
ON-state) by Sg to Sg. The data at the 
select inputs may be latched by using the 
active LOW latch enable input (LE). 
When LE is HIGH the latch is transparent. 
When either of the two enable inputs, 

Ey (active LOW) and Eo (active HIGH), 
is inactive, all 8 analog switches are 
turned off. 


(continued on next page) 


7296059 


Fig. 1 Pin configuration. 


TYPICAL 
UNIT 


SYMBOL PARAMETER CONDITIONS 
tp2H/ turn “ON” time 
tpZL E 1, Eo or S, to Vos 
tpy7/ turn “OFF” time 
tpiZ Ey, ED or Sn to Vos 
power dissipation 
capacitance per switch 


VEE = GND =O V; Tamb = 25 °C; ty = te = 6 ns 


max. switch capacitance 
independent 
common 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp = Cpp x Vcc? x fj + D4 (CL + Cg) x VEC? x fo } where: 


f; = input frequency in MHz Ci = output load capacitance in pF 
fg = output frequency in MHz Cg = max. switch capacitance in pF 
L{(C_ + Cs) x Vec? x fo} = sum of outputs V¢c = supply voltage in V 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is V} = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4351P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT4351T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


IN 
PROGRESS 


5 —_7z96060 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT4351 
MSI 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


common 


not connected 
enable input (active LOW) 
enable input (active HIGH) 
negative supply voltage 

ground (0 V) 

latch enable input (active LOW) 
select inputs 


10 
11 
15, 13, 12 


17, 18, 19, 16, 
1,6, 2,4 


20 


independent inputs/outputs 


positive supply voltage 


FUNCTION TABLE 


CHANNEL 


Cer See xem 
Xi TDErtre Bets ola 
ri 

m 


cS es ie Nee pe Ogg Gage He Ta x xX 


< x a ae Eel Bea! creer <x] | 
SO3¢° (SESE ee ate 


r 


H = HIGH voltage level * Last selected channel “ON”. 
L = LOW voltage level ** Selected channels latched. 
X = don’t care an 

| = HIGH-to-LOW LE transition 


APPLICATIONS 


@ Analog multiplexing and 
demultiplexing 

® Digital multiplexing and 
demultiplexing 

® Signal gating 


January 1986 


GENERAL DESCRIPTION (Cont’d.) 


Vcc and GND are the supply voltage pins 
for the digital control inputs (Sg to So, 
LE, Ey and Ej). The Vcc to GND ranges 
are 2.0 to 10.0 V for HC and 4.5 to 5.5 V 
for HCT. The analog inputs/outputs (Yo 
to Y7, and Z) can swing between Vcc as 
a positive limit and Veg as a negative 
limit. Voc — VEE may not exceed 10.0 V. 
For operation as a digital 


multiplexer/demultiplexer, Veg is 
connected to GND (typically ground). 


8-channel analog multiplexer/demultiplexer with latch PC74HC/HCT4351 
MSI 


LOGIC LEVEL 
CONVERSION 
& DECODER 
LATCHES 


7Z96061 


Fig. 4 Functional diagram. 


from togic 


7293212 


Fig. 5 Schematic diagram (one switch). 
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PC74HC/HCT4351 
MSI 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


MAX. | UNIT | CONDITIONS 


Voltages are referenced to Veg = GND (ground = 0 V) 


SYMBOL PARAMETER 

DC digital input diode current 
DC switch diode current 
ris [eeamenerne 
DC Veg current 


*Icc; DC Vcc or GND current 
*IGND 


Prot power dissipation per package 


DC supply voltage 


mA for Vj < -0.5 Vor V) > Veg + 0.5 V 


for Vg <-0.5 V or Vg > Voc + 0.5 V 
for -0.5 V<Vs<Vect+0.5 V 


— 


for temperature range: —40 to +125 °C 
74HC/HCT 


above +70 °C: derate linearly with 8 mW/K 


plastic DIL 


above +70 °C: derate linearly with 6 mW/K 


plastic mini-pack (SO) 
ree | power dissipation per switch 


Note to ratings 

To avoid drawing Vcc current out of terminal Z, when switch current flows in terminals Y,, the voltage drop across the bidirectional 

switch must not exceed 0.4 V. If the switch current flows into terminal Z, no Vcc current will flow out of terminals Yj. In this case 
_ there is no limit for the voltage drop across the switch, but the voltages at Y, and Z may not exceed Vcc or VEE. 


RECOMMENDED OPERATING CONDITIONS 


| mane 74HCT 
SYMBOL | PARAMETER 
[oe | 


aoe 
vee | acanavwian veeeno [20 [60 | 100 
vee | eno whan vorvee [20 [50 | 09 
ci 
Mis 


UNIT | CONDITIONS 


see Figs 6 and 7 


see Figs 6 and 7 


~ 
° 


Q) 
Zz 
0 


oO |O 
QO 1;O 
7) : aE 


DC input voltage range GND 
DC switch voltage range 


operating ambient temperature range 


see DC and AC 
CHARACTERISTICS 


< 
m 
m 
o> 
< 
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8-channel analog multiplexer/demultiplexer with latch PC74HC/HCT4351 
MSI 


72932141 


7Z293213.1 


operating area 


ANAZIAZ] 


VA 
LVVV 


ie a 


4 6 8 10 
Voc: Ver (VY) 


Fig. 6 Guaranteed operating area as a function of Fig. 7 Guaranteed operating area as a function of 
the supply voltages for 74HC4351. the supply voltages for 74HCT4351. 


DC CHARACTERISTICS FOR 74HC/HCT 


For 74HC: Vcc — GND or Vcc — Veg =2.0, 4.5, 6.0 and 9.0 V 
For 74HCT: Voc - GND =4.5 and 5.5 V; a ~ Veg =2.0, 4.5, 6.0 and 9.0 V 


————__ (°C) TEST CONDITIONS 
-aneCT 
SYMBOL | PARAMETER UNIT Vee Vee Is 7 
—40 to +85 | 4010 +125 | +125 oA 


ON resistance (peak) 


fon [etme 


RO ND 
fiw 
: 


NNND |/NNNAN | NNNDN | VON 


maximum AON resistance 
between any two channels 


Notes to DC characteristics 


1. At supply voltages (Vcc — VEE) approaching 2.0 V the analog switch ON-resistance becomes extremely non-linear. There it is 
recommended that these devices be used to transmit digital signals only, when using these supply voltages. 
2. For test circuit measuring Roy see Fig. 8. 
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PC74HC/HCT4351 
MSI 


840 


DC CHARACTERISTICS FOR 74HC 
Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 
UNIT 


74HC 
SYMBOL |; PARAMETER Vi OTHER 


-min.| typ. | max. | min. | max. | min. | max. 


Vcc | VEE 
V 


HIGH level input voltage 


LOW level input voltage 


ON OO N 
coouo0|/oouno 


Vcc 
input leakage current 


(2) 
= 


0 


Ea 
— © 
>) 


= 
x 


analog switch OFF-state 


current per channel 10.0 


<| <9 
xIirtr 


analog switch OF F-state 
current all channels 


<Q 
- 


Msl= 
Vcc — VEE 


analog switch ON-state 
current 


Oo 

oO 
<e< 
t a i 


5 (see Fig. 11) 
Vis = VEE 
| 8.0 80.0 160.0 VEC | or Vcc; 
Oulescebr supply-culrent 16.0 160.0 320.0|#" | 10.0 oT  | Ves = VCC 
GND or VEE 
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PC74HC/HCT4351 
MSI 


8-channel analog multiplexer/demultiplexer with latch 


AC CHARACTERISTICS FOR 74HC 
GND=OV;,t, = t¢=6ns; Cy; = 50 pF 


t set-up time 
PH S, to LE 
t hold time_ 
h S, to LE 
LE minimum pulse width 
tw 


HIGH 


—_ 
~™~ 


Ri =1kQ; 
Cy, = 50 pF 
(see Fig. 19) 


Ru =1 k&Q; 
C_ = 50 pF 
(see Fig. 19) 


Ry = 1 kQ,; 
CL = 50 pF 
(see Fig. 19) 


_ Tepe) TEST CONDITIONS 
| 74HC 
SYMBOL | PARAMETER UNIT | Vcc | VEE | OTHER 
V V 
min.| typ. | max. 
17. | 60 0 re 
tpHL/ propagation delay 6 12 0 Cr = 50 oF 
4 3 “As (see Fig. 17) 
85 300 0 = 
turn “ON” time 31 | 60 0 RL = ae 
a , = 50 pF 
E41 to Vos 25 | 51 0 (see Fig. 18) 
28 55 —4.5 
85 | 300 0 7 . 
turn “ON” time 31 | 60 0 co a ee 
E> to Vos 25 | 51 0 ; 
95 | 55 “AS (see Fig. 18) 
91 | 300 0 = 
turn “ON” time 33 =| 60 0 a = BRE 
LE to Vog 26 | 51 2 (see Fig. 18) 
27 | 55 4.5 
88 | 300 0 a ; 
turn “ON” time 32 0 pee sone 
Sp tO Vos 26 0 ‘ 
35 “4 (see Fig. 18) 
69 0 = 
tpHz/ turn “OFF” time 25 0 ae . Bone 
tPLZ E1 to Vos 20 0 
50 “4. (see Fig. 18) 
72 0 = 
tpHz/ turn “OFF” time 26 0 ae =, Soar 
tPLZ EQ to Vos 21 0 
19 4. (see Fig. 18) 
83 0 a 
LE to Vos 24 7 (see Fig. 18) 
26 4. 
80 0 _ 
turn “OFF” time 29 0 AG is SO UE 
Sp, to V 23 0 Fi 
n os 74 wv (see Fig. 18) 
0 
0 
0 
4. 
0 
0 
0 
4 
0 
0 
0 
—4. 


January 1986 


841 


PC74HC/HCT4351 
MSI 


DC CHARACTERISTICS FOR 74HCT 
Voltages are referenced to GND (ground = 0) 


| Tamb (°C) | TESTCONDITIONS | CONDITIONS 
| 74HCT 
SYMBOL | PARAMETER UNIT Vee Vee Vv; OTHER 
+25 —40 to +85 Oto +125 


4.5 
V to 
5.5 


N 
o>) 
4 
ro) 


VIH HIGH level input voltage 


NO 


VIL LOW level input voltage 


00 > a 
© oO © 
oO 
N 
jo) 
SY : 
© 
r 
> 
<9 
a 


+ input leakage current 


ros) ro) 
= Bo 
> > 
— on 
© on 
ro) 


analog switch OF F-state 


+\s current per channel Vcc — VEE 


(see Fig. 10) 


analog switch OF F-state 


+\s current all channels Vcc — VEE 


(see Fig. 10) 
Msl= 


Vcc — VEE 
(see Fig. 11) 


ia analog switch ON-state 
“IS current — 


quiescent supply current 160. 0 


= 0 
Dis 
ron) 


additional quiescent supply 
current per input pin for 
unit load coefficient is 1 
(note 1) 


other inputs 
at Vcc or 
GND 


= = = 
oO <s 


Note to HCT types 


1. The value of additional quiescent supply current (Alcc) for a unit load of 1 is given here. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


0.50 
0.50 
1.5 
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8-channel analog multiplexer/demultiplexer with latch 


MS! 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V;t, = tp = 6 ns; Cy = 50 pF 


Ry =1kQ; 
Cy =50 pF 
(see Fig. 18) 


turn “OFF” time 
Sp to Vos 


set-up time 6 BLS VS 
a C. = 50 pF 
S, to LE 7 21 (see Fig. 19) 


Ri =1kQ; 
Cy =50 pF 
(see Fig. 19) 


Ri =1kQ; 


Cy = 50 pF 
“465 (see Fig. 19) 


hold time 
Sp to LE 


LE minimum pulse width 


HIGH 38 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT Veo Vee OTHER 
SS es 
tpHL/ propagation delay 6 12 15 18 2 a F 
Vis to Vos 4 8 10 12 cL Fig. 7) 
tpzH/ turn “ON” time 40 | 75 94 113 C a 50 pF 
tpZL E4 to Vos 31 | 60 75 90 ce Fig. 18) 
tpzH/ turn “ON” time 35 | 70 88 105 aL . Sone 
tP7L. E> to Vos 26 | 50 63 75 er Fig. 18) 
tp7H/ turn “ON” time 42 | 75 94 113 4.5 : om pe 
tpZ LE to Vos 37 | 60 75 90 4.5 ( hash Fig. 18) 
tpzy/ turn “ON” time 39 | 75 94 113 a SOG 
tPZL Sp to Vog 30 | 60 75 90 (see Fig. 18) 
turn “OFF” time 27 83 A is Sane 
E7 to Vos 20 60 (see Fig. 18) 
turn “OFF” time 32 75 9 | coe 
Eo to Vos 26 63 75: | (che Fig. 18) 
tpHz/ —|_turn “OFF” time 33 Ls 20 ope 50 pF 
LE to Vos 30 69 83 ised Fig. 18) 
81 98 
69 83 
12 
14 
5 
5 
25 31 
25 31 


W an = 
a+ 
orn 
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72Z93942,1 


PEGE Oncanennansannendgpensen 


(from select inputs} 


Mt 


7293215 


5.4 


EHH 
aoe 


Fig. 8 Test circuit for measuring Ron. Fig. 9 Typical Roy as a function of input voltage 


Vis for Vi; =O to Vcc —- VEE. 


LOw 
(from select inputs) 


vi = Vec or Vee Vo = VEE or Vec 


a Rt VE E 
7293943 


Fig. 10 Test circuit for measuring OF F-state current. 


(from select inputs) 


Vi= Vee or Voc 


Vo (open circuit) 


VEE 


7293944 


Fig. 11 Test circuit for measuring ON-state current. 
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8-channel analog multiplexer/demultiplexer with latch 


ADDITIONAL AC CHARACTERISTICS FOR 74HC/HCT 


Recommended conditions and typical values 


GND = 0 V; Tamb = 25°C 


V V Viste 
SYMBOL | PARAMETER typ. | UNIT| CO EE | “is(p—p) 
V V V 
sine-wave distortion 0.04 % pe de —2.25 | 4.0 
f =1 kHz 0.02 % 4.5 —4.5 8.0 
sine-wave distortion : % 2.25 —2.25 | 4.0 
; % 4.5 —4.5 ; 


f = 10 kHz 


PC74HC/HCT4351 
MSI 


CONDITIONS 


R_ = 10 kQ; Cy = 50 pF 
(see Fig. 14) 


Ry = 10 kQ2; Cy = 50 pF 
(see Fig. 14) 


R,. = 600 2; C) = 50 pF 
(see Figs 12 and 15) 


switch ““OFF” signal dB 2.25 —2.25 
feed-through dB 4.5 —4.5 
crosstalk voltage between 
Vip—p) control and any switch Lain bi 
P—P mV | 4.5 
(peak-to-peak value) 
F minimum frequency response MHz | 2.25 
me (—3dB) MHz | 4.5 
maximum switch capacitance 
Cs independent pF 
common pF 


Notes to AC characteristics 


General note 

Vis is the input voltage at a Y,, or Z terminal, whichever is assigned as an input. 
Vos is the output voltage at a Y, or Z terminal, whichever is assigned as an output. 
Notes 


1. Adjust input voltage Vj, to 0 dBm level (0 dBm = 1 mW into 600 £2), 
2. Adjust input voltage Vj, to 0 dBm level at Vos for 10 kHz (0 dBm = 1 mW into 50 &2). 


7293945 


10° 


an 1 


106 


f (kHz) 


R, = 600 22; Cy = 50 pF; 
f = 1 MHz (Ey, Eg or Sp, 
square-wave between Vcc 
and GND, t, = t¢ = 6 ns) 
(see Fig. 16) 


Ry = 502; Cy = 10 pF 
(see Figs 13 and 14) 


Fig. 12 Typical switch ““OFF”’ signal 
feed-through as a function of frequency. 
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7293946 


AU PPT 
PT See 
a ee a ll 
PN 
a ea 
a a | 
LLU TUTE TTI TCT TT 


106 106 


f (kHz) 


channel 
ON 


7293947 


Fig. 14 Test circuit for measuring sine-wave 
distortion and minimum frequency response. 


7296062 


Fig. 16 Test circuit for measuring crosstalk between 
control and any switch. 
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Note to Figs 12 and 13 


Test conditions: 
Vcc = 4.5 V; GND =O V; VeE=—-4.5V; 
RL = 50 Q: Rsource = = 1 kQQ. 


Fig. 13 Typical frequency response. 


channel 
OFF 


7293948 


Fig. 15 Test circuit for measuring switch “OFF” 
signal feed-through. 


Note to Fig. 16 


The crosstalk is defined as follows 
(oscilloscope output): 


—_—ae 
—\~,— Vip-p) 
1 
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8-channel analog multiplexer/demultiplexer with latch PC74HC/HCT4351 
MSI 


AC WAVEFORMS 


Le, Eq, Eo.0rs;, 


INPUTS 
Vi, INPUT 


Vos OUTPUT 


Vog OUTPUT 


7Z293249.1 Vos OUTPUT 


72Z96067.1 


Fig. 17 Waveforms showing the input (Vj,) to Fig. 18 Waveforms showing the turn-ON and turn-OFF times. 
output (Vos) propagation delays. , 
Note to Fig. 18 © 
(1) HC: Vay =50%; V) = GND to Vec. 
HCT: Vy =1.3 V; Vj = GND to3 V. 


Sj, INPUT 


CE INPUT 


7296068 


Fig. 19 Waveforms showing the set-up and hold 
times from S, inputs to LE input, and minimum 
pulse width of LE. 


Note to Fig. 19 


(1) HC : Vay = 50%; Vj = GND to Vcc. 
HCT: Vy = 1.3 V; Vj = GND to 3 V. 
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TEST CIRCUIT AND WAVEFORMS 


AMPLITUDE 
NEGATIVE 
INPUT 
PULSE 
PULSE 


QO 

open 
GENERATOR or 
SWITCH 


AMPLITUDE 
POSITIVE 
INPUT 
7293951 PULSE 
Ov 


7Z87476.3 


Fig. 20 Test circuit for measuring AC performance. Fig. 21 Input pulse definitions. 


Conditions 


|test | switcH Pte | 
FAMILY | AMPLITUDE | Viy 
tpZH max: 
PULSE WIDTH | OTHER 


tPZL 
tPHZ : 

tPLZ Vv | Vcc he <2ns 6 ns 
others | 3.0V <2ns 6 ns 


Definitions for Figs 20 and 21: 


Cy. = load capacitance including jig and 
probe capacitance 
(see AC CHARACTERISTICS for 
values). 

Ry = termination resistance should be equal 
to the output impedance Zo of the 
pulse generator. 

ty = t¢=6ns; when measuring fmay, there 
is no constraint on t,, te with 50% 
duty factor. 
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specifications are subject to change without notice. 
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DUAL 4-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER WITH LATCH 


FEATURES 


@ Wide analog input voltage range: 
t5V 
@® Low “ON” resistance: 
80 22 (typ.) at Vec — Veg =4.5V 
70 &2 (typ.) at Vec — Veg = 6.0 V 
60 {2 (typ.) at Vec _ VEE =9.0V 
@ Logic level translation: 
to enable 5 V logic to communicate 
with + 5 V analog signals 
Typical “break before make” built in 
Address latches provided 
Output capability: non-standard 
Icc category: MSI 


GENERAL DESCRIPTION 

The 74HC/HCT4352 are high-speed 
Si-gate CMOS devices. They are specified 
in compliance with JEDEC standard no. 7. 


The 74HC/HCT4352 are dual 4-channel 
analog multiplexers/demultiplexers with 
common select logic. Each multiplexer 
has four independent inputs/outputs 

(nYg to nY3) and a common input/output 
(nZ). 


The common channel select logics include 
two select inputs (SQ and Sj), an active 
LOW enable input (Ej), an active HIGH 
enable input (E9) and a latch enable input 
(LE). 


With E, LOW and E> HIGH, one of the 
four switches is selected (low impedance 
ON-state) by Sg and Sj. The data at the 
select inputs may be latched by using the 
active LOW latch enable input (LE). 

When LE is HIGH, the latch is transparent. 
When either of the two enable inputs, 

Ey (active LOW) and E9 (active HIGH), 

is inactive, all analog switches are turned 
off. 


(continued on next page) 


7Z96063 


Fig. 1 Pin configuration. 


TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 
tp7y/ turn “ON” time 35 
tpZ7. E41, Eg or Sq to’Vog C, =15 pF 
Rp = 1 kQ 
tpH7/ turn “OFF” time Vcc =5V 
feces —| ee 


power dissipation 
ae | capacitance per switch notes 1 and 2 a 
max. switch capacitance 
Cs independent oF 
common OF 


VEE = GND = 0 V; Tamb = 25 °C; t, = tg =6ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp = Cpp x Vcc? x fj + Z{(CL + Cs) x VCC? x fo } where: 


f; = input frequency in MHz C, = output load capacitance in pF 
fg = Output frequency in Mele Cg = max. switch capacitance in pF 
Z{(C_ + Cs) x Vec? x fo} = sum of outputs Vcc = supply voltage in V 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is V} = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4352P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT4352T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


IN 
PROGRESS 


4 -7z96064 
Fig. 2 Logic symbol. 


Fig. 3 IEC logic symbol. 
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PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


2Y9 to 2Y3 independent inputs/outputs 
n.c. not connected 
Ey enable input (active LOW) 
Eo enable input (active HIGH) 
VEE negative supply voltage 
10 GND ground (0 V) 
11 CE latch enable input (active LOW) 
13, 12 So, $4 select inputs 
16, 18,19,15 | 1Yg9 to 1Y3 independent inputs/outputs 
17,4 1Z, 2Z common inputs/outputs 


20 Vcc positive supply voltage 


FUNCTION TABLE 


CHANNEL 
ON 


X X 
Xx Xx 
L L 
L H 
H L 
H H 
X X 
| OX x 


* Last selected channel “ON”. 
** Selected channels latched. 


H = HIGH voltage level 
L = LOW voltage level 
X = don’t care 
1 = HIGH-to-LOW LE transitio 


APPLICATIONS 


@ Analog multiplexing and 

~ demultiplexing 

©® Digital multiplexing and 
demultiplexing 

® Signal gating 


January 1986 


GENERAL DESCRIPTION (Cont’d.) 


Vcc and GND are the supply voltage pins 
for the digital control inputs (Sg, $7, LE, 
E41 and E2). The Vcc to GND ranges are 
2.0 to 10.0 V for HC and 4.5 to 5.5 V for 
HCT. The analog inputs/outputs (nYQ to 
nY3, and nZ) can swing between Vcc as 
a positive limit and Veg as a negative 
limit. Voc- VEE may not exceed 10.0 V. 
For operation as a digital 


multiplexer/demultiplexer, Veg is 
connected to GND (typically ground). 


Dual 4-channel analog multiplexer/demultiplexer with latch PC74HC/HCT4352 
MSI 


LOGIC LEVEL 
CONVERSION 1-of-8 
& DECODER 
LATCHES 


7296065 


Fig. 4 Functional diagram. 


DEVELOPMENT DATA 


7Z93212 


Fig. 5 Schematic diagram (one switch). 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages are referenced to Veg = GND (ground = 0 V) 


PARAMETER 


SYMBOL 


DC supply voltage 


for temperature range: —40 to +125 °C 
74HC/HCT 


above +70 °C: derate linearly with 8 mW/K 


power dissipation per package 


plastic DIL 


above +70 °C: derate linearly with 6 mW/K 


plastic mini-pack (SO) 


power dissipation per switch 100 mW 


Note to ratings 

To avoid drawing Vcc current out of terminals nZ, when switch current flows in terminals nY,, the voltage drop across the 
bidirectional switch must not exceed 0.4 V. If the switch current flows into terminals nZ, no Vcc current will flow out of 
terminals nY¥,,. In this case there is no limit for the voltage drop across the switch, but the voltages at nY, and nZ may not 
exceed Vcc or VEE. 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL | PARAMETER CONDITIONS 
V 


DC supply voltage Vcc-GND 2. see Figs 6 and 7 


0 ; 
Vcc DC supply voltage Vcc-VEE : see Figs 6 and 7 


see DC and AC 
CHARACTERISTICS 
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7Z93213.1 6 ; ; - 1292214.1 
MCCS OND Tansy st oth a Bee aH Bae 
(V) 5 operating area pa ya ; 
va ad oA Gr 
" a ne 
operating area 2) eas ie - Vs Ler aa « 
jt... seeks cae AL Lad 
Fee } oe ie (a cea a 
elles 4 : pete] wots 
2 E—+-—--+ + f————— j beta | ae 
be. a eee —f- =o — r +—- zt a ee 
1 2h ie a nie ee rer 
eee eae oe AIS ae Alla 5.8 ie hae 
Le QO U--L-- -b-..-L. 1. wat Seren Be a L. 32 
8 0 2 4 6 8 10 
Veco: Veg (V) Veco Veg (V) | 


Fig. 6 Guaranteed operating area as a function of 
the supply voltages for 74HC4352. 


Fig. 7 Guaranteed operating area as a function of 
the supply voltages for 74HCT4352. 


DC CHARACTERISTICS FOR 74HC/HCT 


<q 
ae For 74HC: Vcc—GND or Vcc — Veg =2.0, 4.5, 6.0 and 9.0 V 
a For 74HCT: Vcc - GND =4.5 and 5.5 V; Vcc - Veg =2.0, 4.5, 6.0 and 9.0 V 
= -_ Fee Rea aL Oe Enc yaa PO TES 
2 Tamb (°C) TEST CONDITIONS 
TT ied ists ei ees ee eres 
= 74HC/HCT oy 
O SYMBOL | PARAMETER UNIT | Vcc! VEE | Is 
—d 5 —40 to +85 | —40 to +125 may. 
Li 
- [on oe ran. [ 
Q ~ oe he OR a ae 
hs Vec | VIN sn 
ON resistance (peak) ie to or 
}| 1000 VEE vie 
— ; é lo 0 | 100 Vv 
5 |0 {1000 |, Ih 
Pate, 
Ron ON resistance 0 1000 | Y&E iH ee 
5 | 4.5) 1000, ee 
a aaa Seetk T wfebite Big pit ates Sent -—f. ieee an eoke 
= 0 !0 |100 in 
ON resistance | a Vcc for 
5 |~-4.5| 1000 MAL 
210 | |vccluw 
maximum AON resistance 0 Bie ae a 
between any two channels 0 V , 
AKG BEY dL | 


Notes to DC characteristics 


1. At supply voltages (Vcc — Veg) approaching 2.0 V the analog switch ON-resistance becomes extremely non linear. There it ts 
recommended that these devices be used to transmit digital signals only, when using these supply voltages. 
2. For test circuit measuring Ron see Fig. 8. 
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DC CHARACTERISTICS FOR 74HC 
Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) . 
74HC ; 
SYMBOL | PARAMETER 
—40 to +85 | —40 to +125 


HIGH level input voltage 


TEST CONDITIONS 


OTHER 


NO — 
C oo 
r 


LOW level input voltage 


1.0 


2.0 


0.1 
0.2 
8.0 
16.0 


input leakage current 


ft 
a 
+I analog switch OF F-state 

='S current per channel 

a 
: 
' 


_~ 


(see Fig. 10) 


analog switch OFF-state 
current all channels 


(see Fig. 10) 


Msl= 
Vcc - VEE 
(see Fig. 11) 


analog switch ON-state 
current 


N 
ro) 
NO 
x od 
> 


NO 

Oo 

.~ 
hata 
<o< 
r— x= 


80.0 
160.0 


160.0 


quiescent supply current 320.0 vA 


6.0 v 
10.0 
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Dual 4-channel analog multiplexer/demultiplexer with latch 


AC CHARACTERISTICS FOR 74HC 
GND =0V;t, = tf = 6ns; Ci = 50 pF 


Tamb (°C) 


74HC 


SYMBOL | PARAMETER 


propagation delay 
Vis to Vos 


turn “ON” time 


E71, E2 to Vos 
LE to Vog 


turn “ON” time 
Sn to Vos 


turn “OFF” time 


Eq: E9 to Vos 
LE to Vos 


turn “OFF” time 
Sn to Vos 


set-up time 
Spy to LE 


hold time_ 
Spy to LE 


LE minimum pulse width 
HIGH 


PC74HC/HCT4352 
MSI 


TEST CONDITIONS 


Ri = oo} 
C; = 50 pF 
(see Fig. 18) 


RL =1kQ; 
Cy = 50 pF 
(see Fig. 19) 


Rx, = 1 kQ; 
C= 50 pF 
(see Fig. 19) 


Ry =1 kQ2; 
Ci = 50 pF 
(see Fig. 19) 


Ry =1kQ; 
Ci = 50 pF 
(see Fig. 19) 


Rp = 1 kQ; 
Cy = 50 pF 
(see Fig. 20) 


R,_ =1kQ; 
C; =50 pF 
(see Fig. 20) 


Rp =1kQ; 
Cy = 50 pF 
(see Fig. 20) 
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DC CHARACTERISTICS FOR 74HCT 
Voltages are referenced to GND (ground = 0) 


Tamb (°C) TEST CONDITIONS 


74HCT 
SYMBOL | PARAMETER UNIT! Vcc! VEE! VI OTHER 
=40 10 +65 | ~a0t0 e125 || “G°) YE 
vin [mat | i [mae |i [me 
4.5 
2.0 2.0 V to 
5.5 
4.5 
V to 
5.5 
¥ 10 fn fas fo 
= 


1 


1.2 | O 
0 


8 
4 
0.2 : 
8.0 : 
16.0 160.0 
pa) ~ 
Note to HCT types 


1. The value of additional quiescent supply current (Alcc) for a unit load of 1 is given here. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


VIH HIGH level input voltage 


LOW level input voltage 


input leakage current 


_analog switch OFF-state 
current per channel 


analog switch OFF-state 
current all channels 


NS —_), 
fo) ran) 


© 
oO 
i) 


analog switch ON-state 
current 


NO 
oO 


quiescent supply current 


additional quiescent supply 
current per input pin for 
unit load coefficient is 1 
(note 1) 


other inputs 
at Vcc or 
GND 


0.50 
0.50 
1.5 
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AC CHARACTERISTICS FOR 74HCT 
GND=0V;t, = t¢=6ns; Cy = 50 pF 


3 TEST CONDITIONS 
SYMBOL | PARAMETER Vcc OTHER 
V 


DEVELOPMENT DATA 


propagation delay 
Vis to Vos 


turn “ON” time 
E71; E2 to Vos 
LE to Vos 


turn “ON” time 
Sp to Vos 


turn “OFF” time 


Ea; E9 to Vos 
LE to Vos 


turn “OFF” time 


set-up time 
Sp to LE 


hold time 
Sp, to LE 


LE minimum pulse width 


HIGH 


a 
< 
me] 

NON ono N= oo) @ © [op mee) oOo. 
oo NO OD oo oe oo NO 


Ri = oOo; 
C; = 50 pF 
(see Fig. 18) 


Rp =1kQ; 
C, = 50 pF 
(see Fig. 19) 


Rp =1kQ; 
C, = 50 pF 
(see Fig. 19) 


Ry = 1 kQ; 
C, = 50 pF 
(see Fig. 19) 


Ry. =1kQ,; 
C, = 50 pF 
(see Fig. 19) 


Rp =1kQ; 
C, = 50 pF 
(see Fig. 20) 


Ru =1kQ; 
C, = 50 pF 
(see Fig. 20) 


RL =1kQ,; 
Cy, = 50 pF 
(see Fig. 20) 
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(from select inputs) 


Vis =Oto Vec = VEE 


7Z93956 


Rae e Ie 2a 
aera ai 


Fig. 8 Test circuit for measuring Ron. Go Agee: Ron as a aia of input voltage 
is. fOF-Vig = U0 VCC VEE: 


(from select inputs) 


V1 = Voc or Veg O 0 Vo = Vee oF Voc 


Vee 
7293957 


Fig. 10 Test circuit for measuring OF F-state current. 


(from select inputs) 


V, = Veg or Voc O Vo (open circuit) 


7293958 


Fig. 11 Test circuit for measuring ON-state current. 
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Dual 4-channel analog multiplexer/demultiplexer with latch PC74HC/HCT4352 
. MSI! 


ADDITIONAL AC CHARACTERISTICS FOR 74HC/HCT 


Recommended conditions and typical values 


GND =0Q V; Tamb = 25°C 


Vv Vis(o— | 
SYMBOL | PARAMETER UNIT — ol P) | CONDITIONS 
sine-wave distortion 0.04 | % 2.25 | —2.25) 4.0 Ry = 10 kt; Cy = 50 pF 
f =1 kHz 0.02 % 4.5 —4.5 |} 8.0 (see Fig. 14) 
sine-wave distortion | 0.12 | % 2.25 | —2.25| 4.0 Ry, = 10 kQ; Cy, = 50 pF 
f =10 kHz 0.06 % 4.5 —4.5 | 8.0 (see Fig. 14) 
switch “‘OFF”’ signal —50 dB 2.25 —2.25 ae R, = 600 2; C, = 50 pF 
feed-through —50 dB 4.5 —4.5 f = 1 MHz (see Figs 12 and 15) 
crosstalk between _60 dB 2.25 995 
any two switches/ _60 dB 45 _45 
multiplexers . ; 
Ry = 600 Q; Cy = 50 pF; 
crosstalk voltage between 110 any 45 0 f = 1 MHz (E, E9 or Spy, 
control and any switch 290 Vv 45 _45 square-wave between Vcc 
(peak-to-peak value) m : i and GND, t; = tf = 6 ns) 
(see Fig. 17) 
f minimum frequency response 160 MHz 2.25 —2.25 note 2 Ry = 50 2; Cy, =10 pF 
max (—3dB) 170 MHz 4.5 —4.5 (see Figs 13 and 14) 
maximum switch capacitance 
Cs independent 5 pF 
common 12 pF 


Notes to AC characteristics 


V(p—p) 


General note 
Vis is the input voltage at an nY, or nZ terminal, whichever is assigned as an input. 
Vos is the output voltage at an NY, or NZ terminal, whichever is assigned as an Output. 


Notes 


1. Adjust input voltage Vj, to 0 dBm level (0 dBm = 1 mW into 600 &2). 
2. Adjust input voltage Vj, to 0 dBm level at Vos for 10 KHz (0 dBm = 1 mW into 50 2). 
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Ho 
co it i 
1 anil il 
Vea an Hil 
ll miiiil Hill 
Hill ll 
| al 
a 
iil ill mail| Fig. 12 Typical switch ‘"OFF” signal 
104 10° cxtzy) 108 feed-through as a function of frequency. 
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: 7293046 Note to Figs 12 and 13 
HI ETT ETE TET Test caridition’: 
a | Vcc = 4.5 V; GND =0 V; Veg =—4.5 V; 
mont ETAT TTT FCT ETT Loe, Reduces TKS 
a a | | 
: a 
a — INA 
ee HU NY 


Fig. 13 Typical frequency response. 


channel channel 
ON OFF 


7293959 y 7293960 


Fig. 14 Test circuit for measuring sine-wave Fig. 15 Test circuit for measuring switch “OFF” 
distortion and minimum frequency response. signal feed-through. 


L 
channel channel 
ON OFF 


7293961 


tai ; (b) 


Fig. 16 Test circuits for measuring crosstalk between any two switches/multiplexers. 
(a) channel ON condition; (b) channel OFF condition. 


Yee Sp or Ey. Eg Voc 


Note to Fig. 17 


~ The crosstalk is defined as follows 
(oscilloscope output): 


4 
Vp-p) 
Y 


7293949 


7Z96066 


Fig. 17 ‘Test circuit for measuring crosstalk between 
control and any switch. 
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Dual 4-channel analog multiplexer/demultiplexer with latch 


AC WAVEFORMS 


Vo, OUTPUT 


7293249.1 


Fig. 18 Waveforms showing the input (Vj,) to 
output (Vos) propagation delays. 


Sj, INPUT 


LE INPUT 


7Z96068 


Fig. 20 Waveforms showing the set-up and hold 
times from Sp, inputs to LE input, and minimum 
pulse width of LE. 


Note to Fig. 20 


(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3 V; Vj = GND to 3 V. 


PC74HC/HCT4352 
MSI 


LE, Ey i Eo or S, 
INPUTS 


Vos OUTPUT 


Vo, OUTPUT 


switch 
7Z296067.1 “ON” 


Fig. 19 Waveforms showing the turn-ON and turn-OF F times. 


Note to Fig. 19 


(1) HC: Viy = 50%; Vj = GND to Vcc. 
HCT: Vy = 1.3 V; Vj = GND to 3 V. 
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TEST CIRCUIT AND WAVEFORMS 


AMPLITUDE 
NEGATIVE 
INPUT 
PULSE 


PULSE 6 
GENERATOR oo 
SWITCH 
AMPLITUDE 
POSITIVE 
INPUT 
7293951 PULSE 
OV 


7Z87476.3 


Fig. 21 Test circuit for measuring AC performance. Fig. 22 Input pulse definitions. 


Conditions 


SWITCH ie: pt 
: FAMILY | AMPLITUDE | Vy 
PZH fmax: 
tPZL PULSE WIDTH | OTHER 
tPHZ 
tPLZ Vv 74HC Vcc 50% |<2ns 6 ns 
others 
74HCT | 3.0V <2 ns 6 ns 


Definitions for Figs 21 and 22: 


C,_ = load capacitance including jig and 
probe capacitance 
(see AC CHARACTERISTICS for 
values). 

Rt = termination resistance should be equal 
to the output impedance Zo of the 
pulse generator. 

ty = t¢=6ns; when measuring frax, there 
is no constraint on ty, tg with 50% 
duty factor. 
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DEVELOPMENT DATA 
This data sheet contains advance information and PC74HC/HCT4353 


specifications are subject to change without notice. 


MSi 


TRIPLE 2-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER WITH LATCH 


FEATURES 


® Wide analog i:nput voltage range: 
+5V 

@ Low “ON” resistance: 

* 80 2 (typ.) at Vcc _ VEE =45V 
70 Q (typ.) at Veg — Veg = 6.0 V 
60 (2 (typ.) at Vec — Veg = 9.0 V 

© Logic level translation: 

to enable 5 V logic to communicate 

with + 5 V analog signals 

Typical “break before make’’ built in 

Address latchs provided 

Output capability: non-standard 

icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4353 are high-speed 
Si-gate CMOS devices. 

They are specified in compliance 
with JEDEC standard no. 7. 


The 74HC/HCT4353 are triple 2-channel 
analog multiplexers/demultiplexers with 
two common enable inputs (E1 and E3) 
and a latch enable input (LE). Each 
multiplexer has two independent 
inputs/outputs (nYg and nY}4),a 
common input/output (nZ) and select 
inputs (Sg to So). 


(continued on next page) 


7296069 


Fig. 1 Pin configuration. 


| 
SYMBOL PARAMETER CONDITIONS 


TYPICAL | 


UNIT 


+ 
tpzH/ turn “ON” time 

tp7 E,, Eg or Sp, to Vog C, =50 pF 

J Ry =1k2 

turn “OFF” time Vcc =5V 


E4y-E9 or Sp to Vos 


C; input capacitance 

—\— {_ fo — 
power dissipation 

capacitance per switch 


max. switch capacitance 
Cs independent 
common 


Vege = GND =0 V; Tamp = 25°C; ty = te = 6 ns 


Cpp notes 1 and 2 _ _ 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp = Cpp x Vcc? x ff + D{ (CL + Cg) x Vcc? x fo j where: 


f; = input frequency in MHz C; = output load capacitance in pF 
fg = output frequency in MHz Cg = max. switch capacitance in pF 
Z{(Cy + Cs) x Voc? x fo} = sum of outputs Vcc = supply voltage in V 


2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is V} = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4353P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT4353T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 


IN 
PROGRESS 


7296070.1 


Fig. 2 Logic symbol. Fig. 3 1EC logic symbol. 
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PIN DESCRIPTION GENERAL DESCRIPTION (Cont’d.) 


Each multiplexer/demultiplexer contains 

Pino. |sympo._ | NAME AND FUNCTION | two bidirectional analog switches, each 
i with one side sonnected to an 
independent inputs/outputs independent input/output (nYg and nY4) 
common input/output and the other side connected to a common 
input/output (nZ). 
ve eeanRGRed With Ey LOW and E9 HIGH, one of the 

‘ ; two switches is selected (low impedance 
enable input (active LOW) ON-state) by Sg to So. 
enable input (active HIGH) The data at the select inputs may be 
: latched by using the active LOW latch 
enable input (LE). When LE is HIGH, the 
10 ground (0 V) latch is transparent, When either of the 
11 LE latch enable input (active LOW) two enable inputs, E; (active LOW) and 
15, 13, 12 ; select inputs E9 (active HIGH), is inactive, all analog 


} switches are turned off. 
16, 17 independent inputs/outputs 
18 common input/output 


independent inputs/outputs 


negative supply voltage 


Vcc and GND are the supply voltage pins 
for the digital control inputs (Sg to So, 

19 common input/output LE, Ey and Eg). The Vcc to GND ranges 
20 positive supply voltage are 2.0 to 10.0 V for HC and 4.5 to 5.5 V 
for HCT. The analog inputs/outputs (nYq 
and nY4, and nZ) can swing between Vcc 
as a positive limit and Veg as a negative 
limit. Vcc — VEE may not exceed 10.0 V. 
For operation as a digital 


CHANNEL multiplexer/demultiplexer, Veg is 
ON connected to GND (typically ground). 


H = HIGH voltage level * Last selected channel “ON”, 
L = LOW voltage level ** Selected channels latched. 
X =don’t care 

4 = HIGH-to-LOW LE transition 


APPLICATIONS 


@ Analog multiplexing and 
demultiplexing 

@ Digital multiplexing and 
demultiplexing 

®@ Signal gating 
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Triple 2-channel analog multiplexer/demultiplexer with latch PC74HC/HCT4353 
MSI 


LOGIC LEVEL 
CONVERSION 
& 
LATCHES 


7Z96071 


Fig. 4 Functional diagram. 


DEVELOPMENT DATA 


7293212 


Fig. 5 Schematic diagram (one switch). 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


X. | UNIT | CONDITIONS 
+11.0 


mA for V} <-0.5 Vor V} > Vee + 0.5 V 
20 mA for Vg <-0.5 Vor Vg > Vcc + 0.5 V 


mA | for -0.5V<Vsg<Vec+0.5V 


for temperature range: -40 to +125 °C 
74HC/HCT 


Voltages are referenced to Veg = GND (ground = 0 V) 


SYMBOL PARAMETER 
DC supply voltage 
tlk DC digital input diode current 


tISk 


DC switch diode current 


DC switch current 


tlEE DC Veg current 


DC V or GND current 
SIGN 


power dissipation per package 


3 


a 


plastic DIL 500 mW above +70 °C: derate linearly with 8 mW/K 
plastic mini-pack (SO) 400 mW above +70 °C: derate linearly with 6 mW/K 


AY) I+ 1+ 
a) 78 a 


a 
ras) 
S 
= 


power dissipation per switch 
Note to ratings 


To avoid drawing Vcc current out of terminals nZ, when switch current flows in terminals nY,, the voltage drop across the 
bidirectional switch must not exceed 0.4 V. If the switch current flows into terminals nZ, no Vcc current will flow out of 
términals nY jp. In this case there is no limit for the voltage drop across the switch, but the voltages at nY, and nZ may not 
exceed Vcc or VEE. 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL | PARAMETER 


ce [oes veeow 20 [50 | 
a DC input voltage range 


DC switch voltage range 


see DC and AC 
CHARACTERISTICS 
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Triple 2-channel analog multiplexer/demultiplexer with latch PC74HC/HCT4353 
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7293213.1 72Z93214.1 
7 Too 


Fig. 7 Guaranteed operating area as a function of the 
supply voltages for 74HCT 4353. 


Fig. 6 Guaranteed operating area as a function of the 
supply voltages for 74HC4353. 


DC CHARACTERISTICS FOR 74HC/HCT 


For 74HC: Vcc— GND or Vcc — Veg =2.0, 4.5, 6.0 and 9.0 V 
For 74HCT: Vcc — GND =4.5 and 5.5 V; n= cae ~ Veg =2.0, 4.5, 6.0 and 9.0 V 


ss _____— ( °C) TEST CONDITIONS 
: | arene 
SYMBOL |; PARAMETER UNIT ; 
—40 to +85 } 4010 +125 } 4010 +125 +125 


rom ON resistance (peak) S| ie 
ton [oem 
pox [ome 


DEVELOPMENT DATA 


maximum AON resistance 
between any two channels 


NNND | NVNNN | VNADN | VNOND 


Notes to DC characteristics 

1, At supply voltages (Vcc — VEE) approaching 2.0 V the analog switch ON-resistance becomes extremely non-linear. There it is 
recommended that these devices be used to transmit digital signals only, when using these supply voltages. 

2. For test circuit measuring Roy see Fig. 8. 
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DC CHARACTERISTICS FOR 74HC 
Voltages are referenced to GND (ground = 0 V) 


: TEST CONDITIONS 
SYMBOL | PARAMETER VeE|V; | OTHER 
+25 viv 
eck 


HIGH level: input voltage 


LOW level input voltage 


input leakage current 


: 
7 7 7 ( 
+] analog switch OF F-state 
='S current per channel ; see Fig. 10) 


analog switch OF F-state 


Voc.” VEE 
current all channels (see Fig. 10) 


Vsl= 
Vcc ~ VEE 
(see Fig. 11) 


analog switch ON-state 
current 


Vis = VEE Or 
quiescent supply current P , Vcc: Vos = 
| " | Vecor VEE 
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AC CHARACTERISTICS FOR 74HC 
GND =O V;t, =t¢=6 ns; Cy = 50 pF 


Tamb (°C) 
SYMBOL | PARAMETER 
+25 


tpH/ propagation delay 
tPLH Vis to Vos 


TEST CONDITIONS 


Vee} OTHER 


Ry, =~; Cy = 50 pF 


(see Fig. 18) 


on-- D 
ONO 


1|ooo 
nae < 
o1 


turn “ON” time . a RLS ko 
E41; Eg to Vos 51 0 C,; = 50 pF 
LE to Vos BE “45 (see Fig. 19) 
300 0 = ; 
turn “ON” time 60 0 a 7 ie 
Sp, to V 58 0 
n os as “45 (see Fig. 19) 
< turn “OFF” time 5 [RL = 1 ko: 
a E1; E2 to Vog 9 | CL =50 pF 
O LE to Vos _45 (see Fig. 19) 
2 0 
275 = ; 
= turn “OFF” time 55 0 at : BOSE 
a. Sh to Vos 47 0 : 
Oo 45 “45 | (see Fig. 19) 
m7 60 75 0 
Ai<= Q; 
rf ' set-up time 12 15 0 Cr = ae 
i LE 0 ; 
ra S, to LE 10 13 : 
18 23 (see Fig. 20) 
5 
5 
5 
5 


SS 
GS 
& B O1NM 
ono a 


5 

Ry = 1 kQ; 
hold time 9 Cr = 50 pF 
Sp to LE : (see Fig. 20) 

100 125 
oo Ry =1kQ; 
: LE minimum pulse width | 20 25 C) = 50 pF 
W HIGH 17 21 ieee Fig. 20) 

25 31 
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DC CHARACTERISTICS FOR 74HCT 
Voltages are referenced to GND (ground =0 V) 


Tamb (°C) TEST CONDITIONS 
74HCT | 
SYMBOL | PARAMETER UNIT | Vcc] Veg! Vi OTHER 
+25 -40 to +85 | -40to +125 viv 


HE 
= 


ri] typ. | ea. | min | eax. * 7 
4.5 
VIH HIGH level input voltage 2.0 | 1.6 2.0 2.0 V to 
5.5 
4.5 
VIL LOW level input voltage 1.2 V to 
Bee 5.5 
Vcc 
thy input leakage current 0.1 pA or 
GND 
: V 
analog switch OF F-state 1H 
tls 0.1 BA or Vec- VEE 
, VIH 
analog switch OF F-state 
tls 1.0 LA Vcc - VEE 
Vsl= 
analog switch ON-state 
tg uA Vcc ~ VEE 
Vic = VEE or 
; 8.0 80.0 160.0 5.5 is~ VEE 
CCOrVEE 
additional quiescent supply 45 other inputs 
current per input pin for ; 
Alec unit load coefficient is 1 oy pe ee eles ne 
(note 1) ; 


Note to HCT types 


1. The value of additional quiescent supply current (Alcc) for a unit load of 1 is given here. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNITLOAD | 
COEFFICIENT 


0.50 
0.50 
1.5 
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AC CHARACTERISTICS FOR 74HCT 
GND =OV;t, =t¢=6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 


74HCT 
SYMBOL | PARAMETER UNIT | Vcc | Veg | OTHER 
+25 —40 to +85 | —40 to +125 viv 


, [45 Ry =; Cy =50 pF 
e 4.5 (see Fig. 18) 
Ry =1kQ; 
ns | ae |_ag| CL 250 PF 
; “| (see Fig. 19) 


[oo <e) CO oOo. o- -_ 
Ww © WO = es; N 0O 


o—= 
RO 


turn “ON” time 


E41; E2 to Vos 
LE to Vog 


| min. | max. 

15 

10 

75 94 

60 75 

75 94 
C, = 50 pF 
60 er | (see Fig. 19) 
Ry =1kQ; 
tpHz/ 60 75 Cy, =50 pF 
tpLZ 95 69 (see Fig. 19) 

Ry = 1 kQQ; | 
= tpy7/ 65 os Cy = 50 pF 
<< ‘PLZ = (see Fig. 19) | 

= eee 18 eee 
et-up time C) = 50 pF 
‘a ba Sn to LE 21 i Fig. 20) 
= | RL=1kQ:; 
O th hold time 5 5 ns . CL = 50 pF 
= Sy, to LE 5 5 4.5 | —4.5! (see Fig. 20) 
“f : LE minimum pulse width | 25 31 38 ue 4.5 |0 ct = Se 
Q W HIGH 25 31 38 4.5 | —4.5! (cee Fig. 20) 
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oO 
i] 


L_| 
ih - 


HIGH 
(from select inputs) 


Vis =Oto Vec - VEE 


7293956 


once e resem 
(ae nym ee 
(eee see 


| ail Se NNN 


Fig. 8 Test circuit for measuring Ron. 


Fig. 9 Typical Ron as a function of input voltage 
Vis for Vig =O to Voc - VEE. 


(from select inputs) 
AF = Vec or VEE 


Vo = Veg or Vec 


VEE 
7293957 


Fig. 10 Test circuit for measuring OF F-state current. 


(from seiect inputs) 
vi = VEE or Vec 


Vo (open circuit) 


VEE 
7293958 


Fig. 11 Test circuit for measuring ON-state current. 
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ADDITIONAL AC CHARACTERISTICS FOR 74HC/HCT 


Recommended conditions and typical values 
GND = 0 V: Tamb = 25 °C 
V V Vis(n— 
unit | “CC | “EE | “isip-P) | conpITIONS 
Vv V V 
sine-wave distortion 0.04 %o 2.25 —2.25 | 4.0 Ry = 10 kQ; Cy = 50 pF 
f =1 kHz 0.02 % 4.5 —-4.5 | 8.0 (see Fig. 14) 
sine-wave distortion 0.12 | % 2.25 | —2.25| 4.0 Ry = 10 kQ; Cy = 50 pF 
f =10 kHz 0.06 % 4.5 —4.5 8.0 (see Fig. 14) 
switch “‘OFF” signal —50 2.25 —2.25 ere R,_ = 600 2; Cy = 50 pF 
feed-through —50 4.5 —4.5 f = 1 MHz (see Figs 12 and 15) 
5 
5 
45 square-wave between Vcc 
: and GND, t, = t¢ = 6 ns) 
4.5 


SYMBOL PARAMETER typ. 


Ry = 600 2; Cy =50 pF; 
f = 1 MHz (E71, Eg or Sy, 


crosstalk voltage between 
control and any switch 
(peak-to-peak value) 


crosstalk between - : 
any two switches/ ee Fi nated R_ = 600 2; C_ = 50 pF; 
multiplexers 
4 
110 4 
V(p—p) 
220 
(see Fig. 17) 


dB 
dB 
dB 2.25 
dB f = 1 MHz (see Fig. 16) 
mV 
mV 
f minimum frequency response 170 MHz 2.25 —2.25 note 2 Ry = 50 2;C, =10 pF 
max (—3dB) 180 MHz —4.5 (see Figs 13 and 14) 
maximum switch capacitance 
Cs independent 5 
common 8 
General note 


Notes to AC characteristics 
Vig is the input voltage at an NY, or nZ terminal, whichever is assigned as an input. 
Vos is the output voltage at an NY, or NZ terminal, whichever is assigned as an Output. 


TU 
nT 


Notes 


1. Adjust input voltage Vj, to 0 dBm level (0 dBm = 1 mW into 600 &). 
2. Adjust input voltage V;, to 0 dBm level at Vos for 10 kHz (0 dBm = 1 mW into 50 £2). 


7293945 


ll 
Hill 
ll LE] Hill ill Fig. 12 Typical switch “OFF” signal 


104 108 106 feed-through as a function of frequency. 


aaaessSa ss 


= 
oO 
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_ Note to Figs 12 and 13 
Test conditions: 
Voc = 4.5 V; GND =O V; Veg =-4.5 V; 
Rie = 50 22: Rsource = 1 kQ. 


Fig. 13 Typical frequency response. 


channel 
OFF 


7293959 7 7293960 


Fig. 14 Test circuit for measuring sine-wave Fig. 15 Test circuit for measuring switch “OFF” 
distortion and minimum frequency response. signal feed-through. 


L 
channel channel 
ON OFF 


(a) (b) 


Fig. 16 Test circuits for measuring crosstalk between any two switches/multiplexers. 
(a) channel ON condition; (b) channel OFF condition. 


Note to Fig. 17 


The crosstalk is defined as follows 
(oscilloscope output): 


oscilloscope 


GND 
7293949 
7296066 


Fig. 17 Test circuit for measuring crosstalk between 
control and any switch. 
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Triple 2-channel analog multiplexer/demultiplexer with latch 


AC WAVEFORMS 


Vj, INPUT 


Vos OUTPUT 


7Z93249.1 


Fig. 18 Waveforms showing the input (Vj;) to 
output (Vos) propagation delays. 


7296068 


Fig. 20 Waveforms showing the set-up and hold 


times from S, inputs to LE input, and minimum 
pulse width of LE. 


Note to Fig. 20 


(1) HC: Viyq = 50%; Vj = GND to Vcc. 
HCT: Vy =1.3 V; V} = GND to 3V. 


LE, Ey. Eg orS, 
INPUTS 


Vos OUTPUT 


Vog OUTPUT 


switch 
7Z96067.1 % 7 


Fig. 19 Waveforms showing the turn-ON and turn-OFF times. 


Note to Fig. 19 


(1) HC: Vyy = 50%; V} = GND to Vcc. 
HCT: Vy = 1.3 V; V; = GND to 3 V. 
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TEST CIRCUIT AND WAVEFORMS 


AMPLITUDE 


NEGATIVE 
INPUT 
PULSE 
PULSE aoe 
GENERATOR p 
SWITCH 
AMPLITUDE 


POSITIVE 
INPUT 
7293951 PULSE 
: OV 


7Z87476.3 


Fig. 21 Test circuit for measuring AC performance. Fig. 22 Input pulse definitions. 


Conditions 


SWITCH , Stith | 

; FAMILY | AMPLITUDE | Vy 

PZH fmax: 

tPZL Vv PULSE WIDTH | OTHER 
PHZ 
‘PLZ | 74HC a ih <2ns 6 ns 
others 

T4HCT a OV <2 ns 6 ns 


Definitions for Figs 21 and 22: 


C;_ = load capacitance including jig and 
probe capacitance 
(see AC CHARACTERISTICS for 
values). 
termination resistance should be equal 
to the output impedance Zo of the 
pulse generator. 
t¢ = 6 ns; when measuring frax, there 
is NO constraint on t,, t¢ with 50% 
duty factor. . 
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PC74HC/HCT4510 


BCD UP/DOWN COUNTER 


FEATURES 


@® Output capability: standard 
®@ Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4510 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the “4510” of the 
“4000B”’ series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4510 are edge-triggered 
synchronous up/down BCD counters with 
aclock input (CP), an up/down count 
control input (UP/DN), an active LOW 
count enable input (CE), an asynchronous 
active HIGH parallel load input (PL), 
four parallel inputs (Dg to D3), four 
parallel outputs (Qg to Q3), an active 
LOW terminal count output (TC), and an 
overriding asynchronous master reset 
input (MR). 


Information on Dg to D3 is loaded into 
the counter while PL is HIGH, independent 
of all other input conditions except the 
MR input, which must be LOW. With PL 
LOW, the counter changes on the LOW-to- 
HIGH transition of CP if CE is LOW. 
UP/DN determines the direction of the 
count, HIGH for counting up, LOW for 
counting down. When counting up, TC is 
LOW when Qg and Q3 are HIGH and CE 
is LOW. When counting down, TC is LOW 
when Qg to 03 and CE are LOW. A HIGH 
on MR resets the counter (Og to O3 = 

= LOW) independent of all other input 
conditions. 


Logic equation for terminal count: 


TC =CE. { (UP/DN). 


Fig. 1 Pin configuration. 


MSI 


SYMBOL PARAMETER 
tpHL/ propagation delay 
tPLH CP to Qn 


maximum clock frequency 
ae 


GND =0 V; Tamb = 25 °C; t; = tz = 6 ns 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4510P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4510T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


1 parallel load input (active HIGH) 
4,12, 13,3 
5 CE count enable input (active LOW) 
6,11, 14,2 


NAME AND FUNCTION 


parallel inputs 


parallel outputs 

terminal count output (active LOW) 

ground (0 V) 

asynchronous master reset input (active HIGH) 
up/down control input 

clock input (LOW-to-HIGH, edge-triggered) 
positive supply voltage 


parallel load 


no change 
count down 
count up 
reset 


H = HIGH voltage level 
L = LOW voltage level 
X = don’t care 
= LOW-to-HIGH clock transition 


877 
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Tipe aia 
[sno Troecnemattcn carmen 


a MSI 
BCD TO 7-SEGMENT LATCH/DECODER/DRIVER 
FEATURES [ - ee er eee ge OE GTS ah age PRe YG ae i mga 
a en ee 
@ Latch storage of BCD inputs SYMBOL PARAMETER CONDITIONS . ne ar UNIT 
® Blanking input | HO 1 HOT | 
@ Lamp test input Pa aaee aia ee acer | OS a ees, 
@ Driving common cathode LED Grogs ari ee. 
. Dy to Qr = 15 ane aed { et | 24. i NS 
displays tPHL/ Leto. Clr ioe 93° 7 94 ions 
® Guaranteed 10 mA drive capability tPLH Bl to Op Voc =5\ } we | 20 bs | 
per output LT to Q,, | P42) 2S fons | 
@ Output capability. iun-staidaru | : os i ae ee - Me gece . 
input Capacitance : eo nee cL 
© Icc category: MSi | | eae 7 ree.) cn ee 
6 power dissipation eer a a | af | 
GENERAL DESCRIPTION | PD capacitance per latch eee 7 ae Saar od | 


The 74HC/HCT4511 are high-speed 
Si-gate CMOS devices and are pin 
compatible with 4511” of the 


GND = 0 V; Tamb = 25 °C; ty = te = 6 ns 


“"4000B” series. They are specified in Notes | 
compliance with JEDEC standard no. 7. 1. Cpp is used to determine the dynamic power dissipation (Fr in oN): 

The 74HC/HCT4511 are BCD to PD = CPep x Vcc’ x fj +e (CL x Yeo x fa) where: 

7-segment latch/decoder/drivers with fj = input frequency in MHz CL = outout ioard anacitance in pF 
four address inputs (Dj to D4), an active fo = output frequency in MHz VCC = suyply voltage in V 


LOW latch enable input (LE), an active 
LOW ripple blanking input (Bl), an active 
LOW lamp test input (LT), and seven 
active HIGH segment outputs (Q, to Qg). 


When LE is LOW, the state of the segment gRDERING INFORMATION/PACKAGE OUTLINES 
outputs (QO, to Qg) is determined by the 


data on D1 to Dg. PC74HC/HCT4511P: 16-lead DIL: plastic (SOT-382). 
When LE goes HIGH, the last data present PC74HC/HCT4511T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


on Dj to Dg are stored in the latches and 


ZX (Cy x Vee? x fy) = sum of outputs 
2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc -- 1.6 V 


the segment outputs remain stable. PIN DESCRIPTION 
When LT is LOW, all the segment outputs - SS a 
are HIGH independent of all other input_ PIN NO. SYMBOL : NAME AND FUNCTION | 
conditions. With LT HIGH, a LOW on BI ea ees eo a ees ea 
forces all segment outputs LOW. The 3 LT lamp test input {active LOW) 
ae Brae Brdong: alece eign 4 BI ripple blanking Input (active LCHA} | 
) 5 LE | latch enable input (active |.OW) | 
APPLICATIONS 112-6 | Dy to Dg BCD address inputs | 
= DUving ED cisplay : 8 | GND ground (OV) 
® Driving incandescent displays 13. 12.11.10 | 
® Driving fluorescent displays 9. 45 V4 a EO Pd) Chg | SeQmenis uuitis g& } 
® Driving LCD displays - | a re . | 
P : 3 V ! positive supply voltage 
© Driving gas discharge dispiays eee | OG eco tae a ha Bea 8 Seat hl Poke eat 


BCD/7SEC [> | 
\T) 


SUS vier 


aaa 


| 

| 

: 

Q¢f-—15 
Saj—"4 
: 

| 
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Bees ah Feet So Rp DAS ee Eke ak ah le ree ee 
: ; t 
7] i an , 
Oo ; 
ia) t 
: : 7 f 
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a oO 
Sa ek 
ma oe 
ar 
: 
im | 


7293692 


Fig. 3 IEC logic symbol. 
ees ee ae el eRe eS 
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Fig. 1 Pin configuration. Fig. 2 Logic symbol. 


PC74HC/HCT4511 
MSI 


7 1 
» LATCHES 


‘DECODER 


DRIVERS 


7293695 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


INPUTS OUTPUTS 
oy DISPLAY 


tel at | cr 


x 
- 
x 
x 
a 
<r 


x x 
x x 
x x 
x -® 
<x 


- 


r- 


re ee ee 
Lior rT 
LrEter 
i oe ee 


fo pees ad 


- Clee ae De ee 0 cTcce 
oe eee Se eemee ane meee re ee oe - 


as becca aok SD Dee De HR C2 Ireis 


a tT i Lr rr 
xIrir 
Trmir Tt" 


ee ee a rn a oe a a ee ee C-ccre 

2 ies hee mee & a Lx itis Iirtitt [— 
-ceore Cr Lx Ler x a ea gees a co 
cc ee ee ee ame es 2 Re ae 

-ccre ee ee a een Be | Tome rr < 
es ee a Troe rTrrTt Lorre — < L& 


rrist TrrTrtTrt Creoreere 


ater aR a 


rire 
xIrir 
- rrr 
cr ee 


xr rrrT rTTtL rrrT pa igs ig Seem = 
pa Wages ia OR 


Ea 
ca 


* Depends upon the BCD-code applied during the LOW-to-HIGH transition of LE. 


H = HIGH voltage level 
L = LOW voltage level 
X = don’t care 
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BCD to 7-segment latch/decoder/driver PC74HC/HCT4511 


7Z93267 


7293266 


Fig. 6 Segment designation. ~ Fig. 7 Display. 
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‘PC74HC/HCT4511 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘'HCMOS family characteristics”, section Family specifications”. 


Output capability: standard, excepting VGH which is given below 
Icc category: MSI 


Non-standard OC characteristics for 74HC 
Voltages are referenced to GND (ground = 0 V) 


Tamb (C) TEST CONDITIONS 
Dye ee gs ee Pee ee ee nt A ar eas 
. 74HC 
SYMBOL | PARAMETER r - pe UNIT | Vcc |! VI —lo 
: +25. * —40 to +85 V mA 
min. | typ. | max.| min. | max. 
Ee Semana eres eee eae - = mae + = . . 1 4 at 
| 3 V 7.5 
VOH HIGH level output voltage nee oa V 4.5 Vib sh 10.0 
L SRE Re eee NO re Peres za : + He 
5.60 5.45 Vidor | i. 
VOH HIGH level output voltage 5.48 5.34 V 6.0 Vi. 0.0 
| ; | 4.80} | 4.50 ee ree 15.0 


AC CHARACTERISTICS FOR 74HC 
GND =OV; ty = tp = 6 ns; Cy =50 pF 


| ie | Tamb (°C) | TEST CONDITIONS | 
i. a oF 
74HC | 
SYMBOL | PARAMETER cae UNIT | Vcc | WAVEFORMS 
+25 40 to +85 | —40 to +125 Vv 
oe i 
min. | typ. | max. | min. | max. | min. | max. 
Cees ee oer pea e pita + ae ( Seeaees os = 
> 77 | 300 375 450 2.0 
tpHL/ propagation delay Fig, 8 
tPLH Dy to On 
L eee leeee al 
tPpH/ propagation delay Fig. 9 
tPLH LE to Oy, 
si : 2 + 
tPHL/ propagation delay Fj 
tPLH Bl to Op 0 
ose | eee eed 
tPHL/ propagation delay Fig 8 
tPLH LT to Qh) 
: : jt 
‘THL/ output transition time 
tTLH 
latch enable pulse width 
LOW 
set-up time 
Dn to LE 
SEE EEE 
nold time_ 
n Dn to LE 
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BCD to 7-segment latch/decoder/driver 


MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter “’HCMOS family characteristics’’, section ‘Family specifications’. 


Output capability: standard, excepting VOH which is given below 
Icc category: MSI 


Non-standard DC characteristics for 74HCT 
Voltages are referenced to GND (ground = 0 V) 


SYMBOL | PARAMETER 


[in| 
H!GH level output voltage - oe 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


1.50 


0.30 


AC CHARACTERISTICS FOR 74HCT 
GND =0OV; t, = tp =6ns; CL = 50 pF 


; ~ Tampb (°C) . TEST CONDITIONS 
. 74HCT 
UNIT | Vcc | WAVEFORMS 
40 0 +85 | 40 1 +125 § 


poe 45 | Fig.8 


a 


SYMBOL | PARAMETER 


propagation delay 28 
Dry to Qn 
tpHL/ propagation delay 
tPLH LE toQ, 


3 


tpHL/ propagation delay | 

aie Fig. 10 

tPHL/ propagation delay a i. : 

tPLH 

tTHL/ 4 : i" 

a 5 igs 8, 9 and 10 


, set-up time 
su Dry to LE 
t hold time_. 

h Dy to LE 


QW ~N 
a 


& latch enabie pulse width 
W LOW 
refs] 
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PC74HC/HCT4511 
MSI 


AC WAVEFORMS 


D,, LT INPUT 


Q,, OUTPUT 


7Z93699 


Fig. 8 Waveforms showing the input (Dy, 
LT) to output (OQ,) propagation delays and 
the output transition times. 


Q,, OUTPUT 


7Z93698 


Fig. 10 Waveforms showing the input (BI) 
to output (Q,) propagation delays. 


Note to AC waveforms 
(1) HC : Vy = 50%; V) = GND to Ve¢c. 
HCT: Vy =1.3V; Vy =GND to 3V. 
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LE INPUT 


Q,, OUTPUT 


7293697 


Fig. 9 Waveforms showing the input (LE) 
to output (Q,) propagation delays and the 
latch enable pulse width. 


Dj INPUT 


LE tNPUT 


7293696 


Fig. 11 Waveforms showing the data set-up and 
hold times for Dy input to LE input. 


Note to Fig. 11 


The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 


PC74HC/HCT4511 
MSI 


BCD to 7-segment latch/decoder/driver 


APPLICATION DIAGRAMS 


common anode 
LED 


common cathode 
LED 


7293700 


7293705 


Fig. 13 Connection to common anode LED 
display readout. 


Fig. 12 Connection to common cathode LED 
display readout. 


direct 
(low brightness) 


to 

filament 
supply 

7293701 


7293703 
(1) A filament pre-warm resistor to reduce 
thermal shock and to increase effective cold 
resistance of the filament is recommended. 


Fig. 14 Connection to incandescent display 
readout. 


Fig. 15 Connection to fluorescent display 
readout. 


excitation 
appropriate 
voltage 


(square wave; 
GND to Vec) 


1/4 HC/HCT86 


7293704 
7293702 


Fig. 17 Connection to LCD display readout. 
(Direct DC drive is not recommended as it 
can shorten the life of LCD displays). 


Fig. 16 Connection to gas discharge display 
readout. 
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PC74HC/HCT4514 
MSI 


4-TO-16 LINE DECODER/DEMULTIPLEXER WITH INPUT LATCHES 


FEATURES TYPICAL | 
® Non-inverting outputs SYMBOL PARAMETER CONDITIONS UNIT 
@® Output capability: standard 
@ . 
ice categnry: me tpy/ propagation delay 
GENERAL DESCRIPTION tPLH Ant? On 


The 74HC/HCT4514 are high-speed C input capacitance 


Si-gate CMOS devices and are pin 
compatible with “’4514” of the power dissipation 
““4000B”' series. They are specified in CPD capacitance per package Hotes: Nana 


compliance with JEDEC standard no. 7. 
GND = 0 V; Tamb = 25 °C; ty = tz = 6 ns 


(continued on next page) Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x VCC’ x fo) where: 
fj = input frequency in MHz CL 
fo = output frequency in MHz VCC 
X (Ci x Voc? x fo) = sum of outputs 
2. For HC thecondition is Vj} = GND to Vcc 
For HCT the condition is V} = GND to Vcc — 1.5 V 
ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT4514P: 24-lead DIL; plastic (SOT-101A). 
PC74HC/HCT4514T: 24-lead mini-pack; plastic (SO-24; SOT-137A). 


PIN DESCRIPTION 


output load capacitance in pF 
supply voltage in V 


Wo 


NAME AND FUNCTION 


1 . latch enable input (active HIGH) 
2; 21,22 address inputs 


11, 9, 10, 8, 
7, 6, 5, 4, 

18, 17, 20, 19, 
14, 13, 16, 15 


7293894 12 ground (0 V) 
23 enable input (active LOW) 
24 positive supply voltage 


multiplexer outputs (active HIGH) 


Fig. 1 Pin configuration. 


on onoanrr WH = OO 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


7293896 
7293898 7293937 


ig. 2 Logic symbol. Fig. 3a IEC logic symbol for the Fig. 3b !EC logic symbol for the 
decoder function. demultiplexer function. 
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PC74HC/HCT4514 
Msi 


LATCHES 


FUNCTION TABLE 


x 


X 


x< 
x< 


rn re ee 


ia me ane 
os aes Os a ad Loe re 
es igs Tage Se creecre 


xIrir ir-ir Iirir 


rire 
en oe ga 


oo es es es a rrrTrTt ee a ee oe 


en ee on re ee 


Irair 


ee Oe 
se Ogee Ges Bee 


LE=HIGH 

H =HIGH voltage level 
L = LOW voltage level 
X =don’'t care 
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INPUTS 


Se ed wee eae te 


Fig. 4 Functional diagram. 
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ees ee 


- irre 


rere reer rrecrc Ure 
cceoe 

Cee ere e cece or 

Pree - rc Tree co. or 

crreer rprrerere reer 


re ee ee rn oe en 
ee ee Oe coer Irremre 


ee ee a 


nn rn ee Imre re en OO 


-— cco 
ee ee 
oe ee ee 
ne ee a 
Er 
Peak ck fF 
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- ree ee ee ee 3 rr rs a I~ 


. OUTPUTS | 
a1 {a2 [As [00 [ar Jaz [os [ox [as lag far og fas {ar0)014/0r21 019) 014| 015 
x L Ik IL 


rn a ee oe re a rr oo ee — 


GENERAL DESCRIPTION (Cont’d} 


The 74HC/HCT4514 are 4-to-16 line 
decoders/demultiplexers having four 
binary weighted address inputs (Ag to A3), 
with latches, a latch enable input (LE), 
and an active LOW enable input (E). The 
16 outputs (Qo to Q75) are mutually 
exclusive active HIGH. When LE is HIGH, 
the selected output is determined by the 
data on Ay. When LE goes LOW, the last 
data present at Ap are stored in the latches 
and the outputs remain stable. When E is 
LOW, the selected output, determined by 
the contents of the latch, is HIGH. At E 
HIGH, all outputs are LOW. The enable 
input (E) does not affect the state of the 
latch. 


When the “4514” is used as a 
demultiplexer, E is the data input and 
Ag to A3 are the address inputs. 


APPLICATIONS 


@ Digital multiplexing 
@ Address decoding 
@ Hexadecimal/BCD decoding 


- 


re ra Fr 
rr rn re ee a ee ee ~ 


Se eee en cor ne en re ee ee oe ~ 
ee i en a rn or ee - 


ee el le 


Crees Coere coe ee ee ee ae Goes ae — 
—-rmior an a a ae rn a ee a rs a ~ 


or Fr 
Tks cr 
ees Os ee Oe 
Lr rE 


4-to-16 line decoder/demultiplexer with input latches PC74HC/HCT4514 
MSI 


VMS NA OM NE ONE NF ONE NEN NFO ENN ON 


7293905 


Fig. 5 Logic diagram. 
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PC74HC/HCT4514 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section “Family specifications”. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; ty = t¢ = 6 ns; CL = 50 pF 


SYMBOL 


TEST CONDITIONS 


UNIT WAVEFORMS 
Vv 


Fig. 6 


Tamb (°C) 


74HC 


o1 &) & 
Ooh 
on 

“a 


OPN OPN OP Ne OPN Oe Nn) OPN Oe’ 
OMNo;/onolomolounol|ounol;/ono/|ouno 


PARAMETER 


+25 —40 to +85 | —40to +125 


OTN) 
= i 
© 


propagation delay 


An to Qn 49 


propagation delay 
LE toQ, 


propagation delay 
E to OQ, 


output transition time 


NOMS 
ON A 
WARN 
oD W 

© 
& O1N 
© © © 

oO 
o1 & W 
oOosL 

o1 


= NO 
(O N 


latch enable pulse width 
HIGH 


set-up time 
An to LE 


hold time 
An to LE 


— — 
o1c0 © 
“I CO NO 

o1 
NOM — 
OW = 

ol 
NN = 
Gos ®& 

ol 
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4-to-16 line decoder/demultiplexer with input latches PC74HC/HCT4514 
MS! 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ’“HCMOS family characteristics”, section ‘‘Family specifications”. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table hetow. 


UNIT LOAD 
INPUT = | COEFFICIENT 


An 0.65 
LE 1.40 
E 1.00 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V;t, =te=6ns;C; = 50 pF 


Tamb (°C) TEST CONDITIONS 


74HCT 


SYMBOL | PARAMETER 
+25 —40 to +85 


loos oe 
tpH/ propagation delay 
tPLH An to Qn ane ica 
| te / propagation delay 
out LE to Q, eee 
tpyy/ propagation delay 
tTHL/ Output transition time 7 tS 
'TLH 


w [Rigger foe Je | | 

set-up time 

tu A, to LE seal e 
hold time 


Vcc | WAVEFORMS 


—40 to +125 


| 
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PC74HC/HCT4514 
MSI 


AC WAVEFORMS 


LE INPUT 


Q, OUTPUT 


7Z93903 7293904 


Fig. 6 Waveforms showing the input (A,, LE, E) to output Fig. 7 Waveforms showing the minimum pulse width of the 

(Q,) propagation delays and the output transition times. latch enable input (LE) and the set-up and hold times for 
LE to An. Set-up and hold times are shown as positive values 
but may be specified as negative values. 


Note to AC waveforms Note to Fig. 7 
(1) HC : Vyq = 50%; V) = GND to Vcc. The shaded areas indicate when the input is permitted to 
HCT: Vy = 1.3 V; V} = GND to 3V. change for predictable output performance. 
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PC74HC/HCT4515 
MSI 


4-TO-16 LINE DECODER/DEMULTIPLEXER WITH INPUT LATCHES 


FEATURES 


@ Inverting outputs 
@ Output capability: standard 
@ Icc¢ category: MSI 


TYPICAL 


SYMBOL PARAMETER CONDITIONS 


propagation delay Cr =15 pF 
t An to O Vec=5V 
GENERAL DESCRIPTION au ealeaele = 
The 74HC/HCT4515 are high-speed C input capacitance 
Si-gate CMOS devices and are pin ee - 
compatible with “4515” of the Cpp Pome dissipation notes 1 and 2 
“‘4000B” series. They are specified in capacitance per package 


li ith JEDE d 7. 
compliance wit C standard no. 7 GND = 0 V: Tamp = 25 "Crt, = te =6 oh 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + = (CL x VCC? x fo} where: 


output load capacitance in pF 
supply voltage in V 


(continued on next page) 


fj = input frequency in MHz CL 
fo = output frequency in MHz VCC 
XY (Ci x Voc? x fo) = sum of outputs 
2. For HC the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 
ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4515P: 24-lead DIL; plastic (SOT-101A). 
PC74HC/HCT4515T: 24-lead mini-pack; plastic (SO-24; SOT-137A). 


PIN DESCRIPTION 


1 latch enable input (active HIGH) 
2,3, 21,22 | address inputs 

11, 9, 10, 8, 
7,6, 5,4, 

18, 17, 20, 19, 
14, 13, 16, 15 


Mee 12 ground (0 V) 
23 E enable input (active LOW) 


multiplexer outputs (active LOW) 


7293897 7293899 7293938 


Fig. 3a IEC logic symbol for the Fig. 3b IEC logic symbol for the 
Fig. 2 Logic symbol. decoder function. demultiplexer function. 
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PC74HC/HCT4515 
MS! 


GENERAL DESCRIPTION (Cont'd) 


The 74HC/HCT4515 are 4-to-16 line 
decoders/demultiplexers having four 
binary weighted address inputs (Ag to A3) 


2 |3 21 

— Re |AG [As | | | with latches, a latch enable input (LE), 
yeaa and an active LOW enable input (E). The 
LE | 16 inverting Outputs (Og to O45) are 


mutually exclusive active LOW. When LE 
is HIGH, the selected output is determined 
by the data on An. When LE goes LOW, 
the last data present at Ap are stored in 
the latches and the outputs remain stable. 
When E is LOW, the selected output, 
determined by the contents of the latch, 

is LOW. At E is HIGH, all outputs are 
HIGH. The enable input (E) does not 
affect the state of the latch. 


When the ‘'4515” is used as a 
Fig. 4 Functional diagram. demultiplexer, E is the data input and 
Ag to Ag are the address inputs. 


APPLICATIONS 


© Digital multiplexing 
@ Address decoding 
@ Hexadecimal/BCD decoding 


FUNCTION TABLE 


INPUTS OUTPUTS 


H X H }H |H |H |H |H |H H |H |H |H jH jH {H 
eee ee heey L |H |H |H |H |H |H |H JH |H JH JH JH |H |H JH 
LEA th jt Le H }L |H |H |H |H |H |H JH |H JH JH JH |H JH j{H 
LjJL JH JL EL H |H |L 1H |H {H |H |H |H |{H |H |H |H jH |H jH 
LIH [H JL EL H |}H j;H |L JH JH |}H |H {H {H {H {H FH |{H [HH JH 
Ea ame Po H }H |H |H |L JH |[H |H |H |H |H |H |H JH j|H /H 
LyJH jE JH YL H |H |H |H |H |L [H {H |H {H JH {H {H JH {H [H 
LiL |H FH EL H |H |H |H {H |H {L JH |H JH JH JH JH JH JH IH 
LiH |H JH JL H |H |H {|H |H |H |H |{L |H |H jH |H JH |H |H JH 
bk. tbe Vb oea H |H |H |H {H |H |H {H JFL {H JH {H JH |H |H IH 
LOR pk: (A H }H }|H }H |H }H |H JH |H {LE JH JH |H JH |H_ JH 
LjL |H |L |H H |H |H |H |H JH |H |H |H JH {lL JH |H JH |H JH 
LiH |H jL |H H |H |H |H |H |H |H |H [H |H JH {LE JH |H jH |H 
LiL |L j|H |/H H |}H |}H |H |H |H |H |H |H JH |H |{H jL JH [HH 
LiH j;L jH |H H }H |H |H |H |H |H |H |H |H JH |H JH jL |H  |H 
LiL |H jH |H H |H |H |H |H |H |H JH {H {H {JH JH |H {fH {LH 
L JH |H {|H |H H }H |H |H JH {H }H |H }H |H JH JH JH JH JH IL 


LE=HIGH 

H =HIGH voltage level 
L =LOW voltage level 
X =don't care 
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4-to-16 line decoder/demultiplexer with input latches PC74HC/HCT4515 
MSI 


Fig. 5 Logic diagram. 
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PC74HC/HCT4515 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘“HCMOS family characteristics”, section ‘‘Family specifications”. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV;t, = t¢ = 6 ns; Cy = 50 pF 


TEST CONDITIONS 


UNIT WAVEFORMS 


2.0 
4.5 
6.0 


—40 to +125 


SYMBOL | PARAMETER 
—40 to +85 


tpH/ propagation delay 
tPLH An to Qn 

tpHt/ propagation delay 
tPHL/ propagation delay 


Output transition time 


t 
~ 
= |e 
<= 
(@) —_~ 
9 


Or |S 
ono 


latch enable pulse width 
HIGH 


set-up time 
Ap to LE 


hold time 
Ap to LE 


a 
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4-to-16 line decoder/demultiplexer with input latches PC74HC/HCT4515 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 


Output capability: standard 
Icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT 
GND = 0 V;t, = tf = 6 ns; CL = 50 pF 


“| TEST CONDITIONS 
SYMBOL | PARAMETER 
—40 to +85 | —40to +125 


tpH/ propagation delay 33 sas 45 Fig. 6 
tPLH An to Qn 
tpyHL/ propagation delay 45 ‘ 45 Fia. 6 
tpHi/ propagation delay ia. 
tPpLH E to Q, 
tTHL/ output transition time 
tTLH 
t latch enable pulse width 
W HIGH 


‘ set-up time 
oH An to LE 


hold time 
An to LE 
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PC74HC/HCT4515 
MSI 


AC WAVEFORMS 


LE INPUT 


A, £ INPUT 


Q, OUTPUT 


7293902 


Fig. 6 Waveforms showing the input (Ap, LE, E) to output 
(Q,) propagation delays and the output transition times. 


Note to AC waveforms 
(1) HC : Vy = 50%; V) = GND to Vcc. 
HCT: Vy =1.3V; Vj = GND to 3V. 


898 January 1986 


LE INPUT 


7293904 


Fig. 7 Waveforms showing the minimum pulse width of the 
latch enable input (LE) and the set-up and hold times for 

LE to An. Set-up and hold times are shown as positive values 
but may be specified as negative values. 


Note to Fig. 7 


The shaded areas indicate when the input is permitted to 
change for predictable output performance. 


DEVELOPMENT DATA 


This data sheet contains advance information and PC74HC/HCT4516 
specifications are subject to change without notice. 


MSI 


BINARY UP/DOWN COUNTER 


FEATURES 
@ Output capability: standard SYMBOL PARAMETER CONDITIONS 
® Icc category: MSI 


ropagation dela 
GENERAL DESCRIPTION nos C, = 15 pF 
The 74HC/HCT4516 are high-speed Vcc =5V 
Si-gate CMOS devices and are pin 
compatible with the 4516” of the 


“4000B”’ series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4516 are edge-triggered GND =0 V; Tamb = 25 C; tr = te = 6 ns 

synchronous up/down 4-bit binary 

counters with a clock input (CP), an__ ORDERING INFORMATION/PACKAGE OUTLINES 
up/down count control input (UP/DN), 

an active LOW count enable input (CE), PC74HC/HCT4516P: 16-lead DIL; plastic (SOT-382Z). 


an asynchronous active HIGH parallel load PC74HC/HCT4516T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 
input (PL), four parallel inputs (Dg to D3), 

four parallel outputs (Qo to Q3), an active 

LOW terminal count output (TC), and an 


overriding asynchronous master reset PIN DESCRIPTION 

input (MR). 

Information on Dg to D3 is loaded into 

the counter while PL is HIGH, independent ‘ ‘ 

of all other input conditions except the 1 parallel load input (active HIGH) 
MR input, which must be LOW. With PL 4,12. 13,3 parallel inputs 

and CE are LOW, the counter changes 5 count enable input (active LOW) 
on the LOW-to-HIGH transition of CP. 

UP/DN determines the direction of the 6,11, 14,2 paraile! outputs 

count, HIGH for counting up, LOW for TC terminal count output (active LOW) 
counting down. When counting up, TC is ground (0 V) 


LOW when Qo to Q3 are HIGH and CE is ; 
LOW. When counting down, TC is LOW asynchronous master reset input (active HIGH) 


when Qo to Q3 and CE are LOW. A HIGH up/down control input 


See eeu Oo ae lock input (LOW-to-HIGH, edge-triggered 
= LOW) independent of all other input ey put ( , Cage-trigg 
conditions. positive supply voltage 


Logic equation for terminal count: 


TC =CE. {(UP/DN) .Q9.Q,.Q9.Q3 + 


+ (UP/DN) .O9.Q1.Q9.03; 


parallel load 


no change 
count down 
count up 
reset 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

t = LOW-to-HIGH clock transition 


Fig. 1 Pin configuration. 
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PC74HC/HCT4518 
MSI 


DUAL SYNCHRONOUS BCD COUNTER 


FEATURES 


@ Output capability: standard 
® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4518 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the 4518” of the 
“‘4000B” series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4518 are dual 4-bit 
internally synchronous BCD counters 
with an active HIGH clock input (nCPQ) 
and an active LOW clock input (nCP1), 
buffered outputs from all four bit 
positions (nQg to nQ3) and an active 
HIGH overriding asynchronous master 
reset input (NMR). 


The counter advances on either the LOW- 


to-HIGH transition of nCPg if nCP 1 is 
HIGH or the HIGH-to-LOW transition of 
nCP 1 if nCP9 is LOW. Either nCPg or 
nCP 4 may be used as the clock input to 
the counter and the other clock input 
may be used as a clock enable input. 

A HIGH on nMR resets the counter 
(nQg to nQ3 = LOW) independent of 
nCPg and nCP}. 


APPLICATIONS 


@ Multistage synchronous counting 
@ Multistage asynchronous counting 
@ Frequency dividers 


7293789 


Fig. 1 Pin configuration. 
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SYMBOL PARAMETER 


tPHL/ 
tPLH 


TYPICAL 
CONDITIONS 


4. 


propagation delay 


nCPo, nCP1 to nQy 


propagation delay 
nMR to nQy 


Cy = 15 pF 
Vcc =5V 


maximum clock ae 


input capacitance 


power dissipation 
Capacitance per counter notes 1 and 2 za | aa ee 
si SL 


GND = 0 V; Tamb = 25 °C; ty = te = 6 ns 


Notes 


1. 


Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x Vcc? x fo) where: 


fj = input frequency in MHz CL 
fo = output frequency in MHz Vcc 
x (CL x Vcc? x fo) = sum of outputs 


output load capacitance in pF 
supply voltage in V 


. For HC thecondition is Vj = GND to Vcc 


For HCT the condition is Vj} = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT4518P: 16-lead DIL; plastic (SOT-382). 


PC74HC/HCT4518T: 


16-lead mini-pack, plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


NAME AND FUNCTION 


19 
2, 10 


clock inputs (LOW-to-HIGH, edge-triggered) 
clock inputs (HIGH-to-LOW, edge-triggered) 
data outputs 


1CPg, 2CPg 
1CP1, 2CPy 
3,4,5,6 1Q9 to 103 
7,15 IMR, 2MR 
8 GND 

11,12,13,14 | 209 to 203 
16 Vcc 


asynchronous master reset inputs (active HIGH) 
ground (0 V) 

data outputs 

positive supply voltage 


CTRDIV10 


7293790 


7293791 


Fig. 2 Logic symbol. 


Fig. 3 IEC logic symbol. 


PC74HC/HCT4518 
MSI 


Dual synchronous BCD counter 


FUNCTION TABLE 


MR | MODE 

i counter advances 
L counter advances 
L no change 

L no change 


xr rT 


no change 
no change 
Qg to Q3 = LOW 
H = HIGH voltage level 
L = LOW voltage level 
7293792 X = don’t care 
t = LOW-to-HIGH clock transition 
4 = HIGH-to-LOW clock transition 


Fig. 4 Functional diagram. 


7293793 


Fig. 5 Logic diagram (one counter). 


Jr f2}safa{s]e6]7]s ]o ]ro}a 12 | 13 | 14 | 15} 16 | 17 | 18 


cot 


7293794 


Fig. 6 Timing diagram. 
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PC74HC/HCT4518 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘"HCMOS family characteristics’’, section ‘‘Family specifications’’. 


Output capability: standard 
Icc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 \V; ty = tf = 6 ns; CL. = 50 pF 
Tamb (°C) TEST CONDITIONS 


74HC 
SYMBOL | PARAMETER UNIT | Vcc 
V 
2.0 
4.5 


WAVEFORMS 


= “recs ea 


tPpHL/ propagation delay 


tPLH nCPg, nCPy tonQny 
propagation delay Fj 
"PHL nMR to nO, 9 8 


tTHL/ output transition time 


Fig. 9 
TTLH 


clock pulse width 


Fig. 
tw HIGH or LOW ge8 
master reset pulse width Fi 
HIGH ae 
removal time ; 
nMR to nCPg, nCP4 Fig. 
set-up time 2.0 
nCP1 to nCPQ; 4.5 Fig. 7 
nCPqg to nCP 1 6.0 
maximum clock pulse 2.0 
frequency MHz | 4.5 Fig. 8 
nCPg, nCP4 6.0 
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Dual synchronous BCD counter 


MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘’HCMOS family characteristics’’, section ‘Family specifications”. 


Output capability: standard 
Ic¢ category: MSI! 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT COEFFICIENT 


nCPo, nCP4 0.30 
nMR 1.50 


AC CHARACTERISTICS FOR 74HCT 


GND =0V; t, = te = 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 | —40 to +125 Vv 
min. | typ. | max. ; 


tpH/ propagation delay 28 | 53 
tpLH nCPo, nCPj to nQj 

propagation delay 
output transition time 7 15 


clock pulse width 
HIGH or LOW 


master reset pulse width 
HIGH 


removal time a 
nMR to nCPg, nCP 4 


set-up time 
nCP1 to nCPoQ; 
nCPg to nCP4 


maximum clock pulse 
frequency 
nCPog, nCP4 


PC74HC/HCT4518 
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PC74HC/HCT4518 


904 


MSI 


AC WAVEFORMS 


nCPg INPUT 


nCP, OUTPUT 


7Z93886.1 


Fig. 7 Waveforms showing hold and set-up 
times for nCPg to nCP1 and nCP 1 to nCPo. 


nCPg INPUT 


nCP, INPUT 


nMR INPUT 


tpHe be 7293885 


Fig. 8 Waveforms showing the minimum 

pulse widths for nCP9, nCP1 and nMR inputs; 
the removal time for nMR and the propagation 
delay for nMR to nQpy outputs. 


Note to Fig. 8 and Fig. 9 


Conditions: 


nCP4 =HIGH while nCPgQ is triggered on a LOW-to-HIGH 
transition and nCPg = LOW , while nCPj is triggered on 
a HIGH-to-LOW transition. 


Note to AC waveforms 
(1) HC : Vy = 50%; Vy = GND to Vcc. 
HCT: Vy =1.3V; Vj = GND to 3V. 


January 1986 


nCP9 INPUT 


nCP, INPUT 


7293884 


Fig. 9 Waveforms showing the propagation 
delays for nCP9, nCP1 to nOpy outputs 
and the output transition times. 


PC74HC/HCT 4520 
MSI 


DUAL 4-BIT SYNCHRONOUS BINARY COUNTER 


FEATURES 


® Output capability: standard 
® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4520 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the 4520” of the 
4000B” series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4520 are dual 4-bit 
internally synchronous binary counters 
with an active HIGH clock input (nCP) 
and an active LOW clock input (nCP71), 
buffered outputs from all four bit 
positions (nQg to nQ3) and an active 
HIGH overriding asynchronous master 
reset input (nMR). 


The counter advances on either the LOW- 


to-HIGH transition of nCPg if nCPq is 
HIGH or the HIGH-to-LOW transition of 
nCP1 if nCPo is LOW. Either nCPo or 
nCP7 may be used as the clock input to 
the counter and the other clock input 
may be used as a clock enable input. 

A HIGH on nMR resets the counter 
(nQg to nQ3 = LOW) independent of 
nCPg and nCP}. 


APPLICATIONS 


® Multistage synchronous counting 
® Multistage asynchronous counting 
® Frequency dividers 


7293798 


Fig. 1 Pin configuration. 


ae Soest eae a AEE oi Sees tse eee % 
TYPICAL 
SYMBOL PARAMETER CONDITIONS oars a UNIT 
HC HCT 
L tin, SIRE ee sialic Sil 4 ait Stele ~ Sedan. Ether hills ass 
tpHL/ propagation delay 
tPLH nCPg, nCP1 to nQn 24 28 ns 
propagation delay Cy = 45pF 
tPHL nMR to nO, Vec=5V 13 14 ns 
maximum clock frequency 66 64 MHz 
pearee eel aS 
input capacitance 3.5 3.5 pF 
Teen ad | teil | [ 
power else \beH on notestand2 | 29 | 29 | pF 
Capacitance per counter 


GND = 0 V; Tamb = 25 °C; t, = te = 6 ns 


Notes 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc’ x fj + = (CL x VCC’ x fo) where: 


fj = input frequency in MHz 
fo = output frequency in MHz 


CL = 


Y (Cy. x Voc? x fo) = sum of outputs 


2. For HC the condition is V} = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACK 
PC74HC/HCT4520P: 


AGE OUTLINES 


16-lead DIL; plastic (SOT-38Z). 


PC74HC/HCT4520T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


Le. 1CP9, 2CP9 
2,10 1CP,, 2CP, 
3,4,5,6 109 to 103 
7,15 1MR, 2MR 
8 GND 

11,12,13,14 | 2Q9 to 203 
16 Vcc 


NAME AND FUNCTION 


output load capacitance in pF 
supply voltage in V 


data outputs 


positive supply voltage 


clock inputs (LOW-to-HIGH, edge-t 
clock inputs (HIGH-to-LOW, edge-triggered) 
data outputs 
asynchronous master reset inputs (active HIGH) 
ground (0 V) 


riggered) 


7293790 


Fig 2 Logic symbol. 


7293799 


Fig. 3 !EC logic symbol. 
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PC74HC/HCT4520 
MSI | 


FUNCTION TABLE 


counter advances 
counter advances 


no change 
no change 
no change 
no change 
Qg to Q3 = LOW 


H = HIGH voltage level 

L = LOW voltage level 

X = don’t care 

t+ = LOW-to-HIGH clock transition 
1 = HIGH-to-LOW clock transition 


7293792 


Fig. 4 Functional diagram. 


7293800 


Fig. 5 Logic diagram (one counter). 


|1;2{3]4]s]e6]7]e]|o| 11 | 12] 13} 14 | 15] 16 | 17 | 18 


7293801 


Fig. 6 Timing diagram. 
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Dual 4-bit synchronous binary counter PC74HC/HCT4520 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ’"HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: standard 
Icg category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = OV; ty = t¢ = 6 ns; Cy = 50 pF 
| L Tamb (°C) TEST CONDI (ONS 


F4HC 
SYMBOL | PARAMETER re FE eg 7 UNIT] Vee | WAVEFORSS 
—40 to +85 | —40 ta +125 | 
. min. |max. | | 
propagation delay 
nCPq to nQn oF 
tPHL/ propagation delay ae 
tPLH nCP 1 to nOy : 
propagation delay ae 
nMR to nQy 
output transition time ns 
ce Ss a ee ee ee 
t clock pulse width . re 
W HIGH or LOW : : 
master reset pulse width 
t removal time _ 4 
rem nMR to nCPg, nCP4 : 
t set-up time oa : 
su nCP 4 to nCPg, nCPg to nCP4 " 
maximum clock pulse : 
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PC74HC/HCT4520 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ’HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: standard 
icc category: MSI 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 
nCPg,nCPy | 0.30 

nMR | 1.50 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; ty = te = 6 ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 


oe renames i nent ry nan nye eminnenn Monee ann stennrney manna tegerne Ha a 


set-up time 


74HCT 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
+25 —40 to +85 | —40 to +125 V ji 
we [moe |i |i | an 
tPHL/ propagation delay 30 | 53 Fig. 8 
tPLH nCPog to nn 
Ba ee aoe 
tpH,/ propagation delay 32 | 53 45 Fig. 8 
tPLH nCP7 to nQy 
propagation delay 45 
tTHL/ output transition time 7 15 19 
tTLH 
clock pulse width 45 
rnaster reset pulse width Fig. 7 
Tri ot od On 
removal time a = Fig. 7 


tsu nCP 4 to nCPo, nCPg to nCPy i a 
maximum clock pulse 4 Fig. 7 
fmax | frequency 25 | 58 te 2 _ 
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PC74HC/HCT4520 
MSI 


Dual 4-bit synchronous binary counter 


AC WAVEFORMS 


nCP, INPUT 
(nCPg= LOW) 


ee mane Fig. 7 Waveforms showing removal time for nMR; 
eer minimum nCPo, nCP1, nMR pulse widths and 

maximum clock pulse frequency. 

Conditions: 

nCP, = HIGH while nCPp is triggered on a 
mene LOW-to-HIGH transition; tw and trem also 

apply when nCPg = LOW and nCP; is 

7293795 triggered on a HIGH-to-LOW transition. 


nCPg INPUT 


nCP, INPUT 


Bon Saree Fig. 8 Waveforms showing set-up times for nCP9 
to nCPy and nCP, to nCPo, propagation delays 


7293796 and output transition times. 


nMR_ INPUT 


nQ, OUTPUT 
Fig. 9 Waveforms showing propagation delay 


7293797 from nMR to nO, output. 


Note to AC waveforms 
(1) HC : Vy = 50%; V) = GND to Vcc. 
HCT: Vy = 1.3V; Vj = GND to 3V. 
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PC74HC/HCT4538 
MSI 


DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


DUAL RETRIGGERABLE PRECISION MONOSTABLE MULTIVIBRATOR 


FEATURES 


@ Separate reset inputs 

© Triggering from leading or 
trailing edge 

© Output capability: standard 

® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4538 are high-speed 
Si-gate CMOS devices and are pin 
compatible with “4538” of the 
“‘A000B” series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4538 are dual 
retriggerable-resettable monostable 
multivibrators. Each multivibrator has an 
active LOW trigger/retrigger input (nAo), 
an active HIGH trigger/retrigger input 
(nA), an overriding active LOW direct 
reset input (nRp), a an output (nQ) and 
its complement (nQ), and two pins (nCtc 
and nRCr¢) for connecting the external 
timing components C; and Ry. Typical 
pulse width variation over temperature 
range is + 0.2%, 


The ‘4538’ may be triggered by either 
the positive or the negative edges of the 
input pulse. The duration and accuracy 

of the output pulse are determined by the 
external timing components C; and R;- 
The output pulse width (T) is equal to - 
0.7 x Ry x Cy. The linear design techniques 
guarantee precise control of the output 
pulse width. 


A LOW level at nRp terminates the 
output pulse immediately. The minimum 
reset pulse width depends on the value of 
the external timing capacitor Cy. 


Schmitt-trigger action in the trigger inputs 
makes the circuit highly tolerant to slower 
rise and fall times. 


7293889 


Fig. 1 Pin configuration. 


January 1986 


propagation delay 
nAg, nAj tonQ, nO 


power dissipation 
capacitance per 
multivibrator 


ad aa RL ET 
GND = =0 V; Tamb = 25 °C; ty = tf =6ns 


Notes 


1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cppx Vcc’ x fj + 2 (CL x VCC? x fo) where: 
fj = input frequency in MHz CL 


output load capacitance in pF 


fo = output frequency in MHz VCC = supply voltage in V 
Z (Cy x Vcc? x fo) = sum of outputs 
2. For HC thecondition is Vj = GND to Vcc 


For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT4538P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4538T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


SYMBOL NAME AND FUNCTION 


1Ctc, 2CT¢C external capacitor connections 
1RCTcC,2RCTC 
1Rp, 2Rp 
1A4, 2A4 

1Ag, 2A0 

10, 20 

10, 20 

GND 


Vcc 


external resistor/capacitor connections 
direct reset inputs (active LOW) 

trigger inputs (LOW-to-HIGH, edge-triggered) 
trigger inputs (HIGH-to-LOW, edge-triggered) 
pulse outputs 

complementary pulse outputs 

ground (0 V) 

positive supply voltage 


7Z93991 
7293890 


Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 


Dual retriggerable precision monostable multivibrator PC74HC/HCT4538 
MSI 


FUNCTION TABLE 


HIGH voltage level 

LOW voltage level 

don’t care 

LOW-to-HIGH transition 
HIGH-to-LOW transition 
one HIGH level output pulse 
= one LOW level output pulse 


Hod wou 


u 


Tan 


nA, INPUT 


nAg INPUT 


7293893 nRp INPUT 


Fig. 4 Functional diagram. 
nRCto INPUT 


(5) Viet 1 


nQ OUTPUT 


Tl I+ Tl =T+| 7293891 


(1) Positive edge triggering. 
(2) Positive edge retriggering (pulse lengthening). 
FERS IR (3) Negative edge triggering. 
(1) Connect CT¢ (pins 1 and 15) (4) Reset (pulse shortening). 
to GND (pin 8). (5) Vref, and Vy e¢9 are internal reference voltages. 
Fig. 5 Connection of the external (6) T = 0.7 x Ry x Cy (see also Fig. 5). 


timing components Ry; and Cx. Fig. 6 Timing diagram. 


DEVELOPMENT DATA 


7293892 


Fig. 7 Logic diagram (Vre¢1 and Vrefg are internal reference voltages). 
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PC74HC/HCT4538 


912 


MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”’. 


Output capability: standard 
lcc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND =0 V;t, = t¢ =6 ns; C; = 50 pF 


Tamb (°C) TEST CONDITIONS 


74HC 
| 425 | a0 to +85 | —40to +125 
esc oes ass |oin,_[ mo. | 
— a | | 


250 315 375 
50 63 75 ns 
43 54 64 


propagation delay 
nAg, nAq to nO 


propagation delay 
nAg, nA4 to nQ 


propagation delay 
nRp tonQ 


propagation delay 
nRp tonQ 


output transition time 


nAg pulse width 
LOW 


nA 4 pulse width 
HIGH 


nRp pulse width 
LOW 


nQ, nO pulse width 
HIGH or LOW 


removal time 
Rp to nAg, nA4 


retrigger time 
nAg, nA4 


January 1986 


DEVELOPMENT DATA 


Dual retriggerable precision monostable multivibrator PC74HC/HCT 4538 
MSI 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘‘HCMOS family characteristics”, section ‘Family specifications”. 


Output capability: standard 
Icc category: MS! 


Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
INPUT | COEFFICIENT 
nAo, nAz | 0.50 
nRp 0.65 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t, = t¢=6ns; Cy = 50 pF 


SYMBOL | PARAMETER UNIT OTHER 
propagation delay 


propagation delay ; 


TEST | TESTCONDITIONS 


retrigger time 
nAg, nA4 
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PC74HC/HCT4538 
MSI 


AC WAVEFORMS 


nA, INPUT 
(nAg= HIGH) 


nAg INPUT 


V 
(nA, = LOW) m 


nRp INPUT 


Q OUTPUT 


Q OUTPUT 


>) it —e! lt 


7293992 tTHL tTLH tPHL 


Fig. 8 Waveforms showing the input (nA;, nAg, nNRp) to output (nQ, nQ) propagation delays, 
the output transition times, the input and output pulse widths, the removal time from direct 
reset (NRp) to input (nAy, nAg), and the input retrigger time. 


Note to AC waveforms 


(1) HC : Vy = 50%; Vj = GND to Vcc. 
HCT: Vy =1.3V; Vj = GND to3V. 
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PC74HC/HCT4543 
MS! 


BCD TO 7-SEGMENT LATCH/DECODER/DRIVER FOR LCDs 


FEATURES 


@® Latch storage of BCD inputs 

® Blanking inputs 

@ Output capability: non-standard 
© Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT4543 are high-speed 
Si-gate CMOS devices and are pin 
compatible with ‘°4543” of the 
“4000B” series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT4543 are BCD to 
7-segment latch/decoder/drivers for 
liquid crystal displays. They have four 
address inputs (Dg to D3), an active 
HIGH latch disable input (LD), an active 
HIGH blanking input (BI), an active 
HIGH phase input (PH) and seven 
buffered segment outputs (Q, to Qg). 


The “4543” provides the function of a 


4-bit storage latch and an 8-4-2-1 BCD to 


7-segment decoder driver. The “4543” 
can invert the logic levels of the output 
combination. The phase (PH), blanking 
(Bl) and latch disable (LD) inputs are 
used to reverse the function table phase, 
blank the display and store a BCD code, 
respectively. 


For liquid crystal displays a square-wave 
is applied to PH and the electrical 
common back-plane of the display. The 
outputs of the 4543” are directly 
connected to the segments of the liquid 
crystal. 


7293262 


Fig. 1 Pin configuration. 


propagation delay 
Dy to Qn 
LD to Qn 


SYMBOL | PARAMETER 
BI to Op, 


tPHL/ 
tPLH 
power dissipation 4 F 


GND = 0 V; Tamb = 25 °C; ty = tf = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 
Pp =Cpp x Vcc? x fj + = (CL x Vcc? x fo) where: 
fj = input frequency in MHz CL. 
fo = output frequency in MHz Vcc 
2 (Ci x Vcc? x fo) = sum of outputs 


2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 V 


output load capacitance in pF 
supply voltage in V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT4543P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4543T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


INNO, SYMBOL NAME AND FUNCTION 


latch disable input (active H]GH) 
address (data) inputs 

phase input (active HIGH) 
blanking input (active HIGH) 
ground (0 V) 


9, 10,11, 12 
13, 15, 14 


16 


segment outputs 


positive supply voltage 


BCD/7SEG 


b10 
c10 § 
d10 7 
e10 
£10 | 
g10 
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Fig. 3 iEC logic symbol. 


Fig. 2 Logic symbol. 
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PC74HC/HCT4543 
MSI 


APPLICATIONS 


5 3 2 
‘ Do [®1 [Pr | @ Driving LCD displays 
ince ven 4 @ Driving fluorescent displays 
enema @ Driving incandescent displays 
(ier er ser f b @ Driving gas discharge displays 


DECODER 


DRIVERS 
Beaacaas 


7293265 


g 


L. [: 


jae 7293266 


Fig. 4 Functional diagram. Fig. 5 Segment designation. 
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ee ee rcrcrtt Least 
re ee oe Core Crore 
ee mee De es ee ee i ee OO ee 
«© 0 NO O1f WH oo 


ee ee oe 
xrrir 


or i 
crore i 2b mes Oe rtrst 


ee a creo rricst roost 


cCrreeoee 
creer 
coer 
re a 
creer 


F “Et: Etat. DBDs Debhee. x< 
Pe E 


x< po aes wees Be pa Ss ae Be c-cee- reooe RK 


rere 
S Sb es 
x jrmuoree 
<1. ree 


* 
* 


as above inverse of above = 
above 


* For liquid crystal displays, apply a square-wave to PH. 
** Depends upon the BCD-code previously applied when LD = HIGH. 
H =HIGH voltage level 


L. =LOW voltage level 
X =don’t care 
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BCD to 7-segment latch/decoder/driver for LCDs PC74HC/HCT4543 
MSI 


ae 6 — Q, 


7293271 


Fig. 6 Logic diagram. 


Sb 189 


7293267 


Fig. 7 Display. 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134). 
For RATINGS see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’, standard outputs. 
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DC CHARACTERISTICS FOR 74HC 


Output capability: non-standard 
Icc category: MSI 


Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 
74HC 
PARAMETER UNIT ee Vi OTHER 
+25 —A0 to +85 —~40 to +125 
min. min. | max. 
£5 
3.15 ‘ 
4,2 : 


SYMBOL 


1.5 | 1.2 1.5 
HIGH level input voitage 3.15] 2.4 3.15 
4.2 | 3.1 4.2 


HIGH level output voltage 


HIGH level output voltage —l9o=1.3mA 


lo=20uA 
lo = 20 nA 
lo=20uA 


LOW level output voltage 


LOW level output voltage 


input leakage current 


an a 


quiescent supply current 
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BCD to 7-segment latch/decoder/driver for LCDs 


PC74HC/HCT4543 
MSI 


AC CHARACTERISTICS FOR 74HC 
GND=OV;t, =tf=6ns; Cy = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HC 
UNIT | Vcc | WAVEFORMS 
—40 to +125 Vv 


SYMBOL 


PARAMETER 


. 510 2.0 
ee delay 102 | ns 4.5 Fig. 12 
n n 87 6.0 


propagation delay 
LD to Q, 


propagation delay 
BI to Qy 


propagation delay 
PH to Qn 


t / 375 2.0 
Hula output transition time 23 75 ns 4.5 Figs 12, 13 and 14 
TLH 18 | 43 54 64 6.0 
, 35 11 45 2.0 
LD pulse width ‘ 
set-up time 60 | 8 7 90 | 2.0 
t " 12 3 15 18 ns 4.5 Fig. 15 
- Bin to EY 10 | 2 13 15 60 | 
hold ti 30 | 3 40 45 2.0 
th One 6 | 1 8 9 4.5 | Fig. 15 
Dr to LD 5 1 7 8 6.0 
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DC CHARACTERISTICS FOR 74HCT 


Output capability: non-standard 
\cc category: MSI 


Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vec | VI 
+25 —40 to +85 | —40 to +125 Vv 
ain. typ. | max. | min] max. | min. | ma. 
4.5 
VIH HIGH level input voltage 2.0 | 1.6 2.0 2.0 V to 
5.5 
4.5 
VIL LOW level input voltage 1.2 V to 
5.5 
VOH HIGH level output voltage | 4.4 | 4.5 a po fy as 
VOH HIGH level output voltage | 3.98 3.84 | 3.7 e V 
VOL LOW level output voltage 0.15 on) 0.33 ar 
nea 45 | yo | other inputs 
t Vv 
Alcc unit load coefficient is 1 eet ai gO) WN e NOS eo day Vee 
5,5 Io =0 
{note 1) 


Note to HCT types 


The value of additional quiescent supply current (Alec) for a unit load of 1 is given here. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


INPUT 
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BCD to 7-segment latch/decoder/driver for LCDs 


AC CHARACTERISTICS FOR 74HCT 


GND = 0 V; t, = tg = 6 ns; Cy = 50 pF 
Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Vcc} WAVEFORMS 


+25 ~40 to +85 | —40to +125 V 
tPHL/ 
tPLH 
tPHL/ 
tPLH 


propagation delay 
Dry to Qy 


propagation delay 
LD to QO, 


tPpHL/ propagation delay 
tPLH BI to Qn 

tpHL/ propagation delay 
tPLH PH to Qy 

tTHL/ output transition time 
'TLH 


WwW W 
OE 
ep) 

(o>) 


LD pulse width 
HIGH or LOW 


set-up time 
Dy, to LD 


t hold time 
h Dp to LD 


—, 
NO 
NO o1 NO NO 
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APPLICATION DIAGRAMS 


"4543" 
one of seven 


output g segments 
common 
PH a y back-plane 


square wave ; 
7293281 GND to Voc 


Fig. 8 Connection to liquid crystal (LCD) 
display readout, 


appropriate 
voltage 


7 17293283 


Fig. 10 Connection to gas discharge 
display readout. 
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appropriate 
voltage 


"4543" 
output 
PH 


7293282 


Fig. 9 Connection to incandescent display 
readout. 


to filament 
supply 
, GND or appropriate 
7293284 voltage below GND 


Fig. 11 Connection to fluorescent display 
readout. 


BCD to 7-segment latch/decoder/driver for LCDs PC74HC/HCT4543 
MSI 


AC WAVEFORMS 
Dj, INPUT LD INPUT 


Q, OUTPUT Q,, OUTPUT 


7287877 ttHe—| |< 7293268 


Fig.12 Waveforms showing the address input Fig. 13 Waveforms showing the latch disable 
(Dj) to output (Q,,) propagation delays and input (LD) to output (Q,,) propagation delays 
the output transition times. and the output transition times. 


LD INPUT 


BI INPUT 


729 
Q,, OUTPUT ee 


Fig. 15 Waveforms showing the address (Dp) 
7293269 trate) le to latch disable (LD) input set-up and hold 
times. 


Fig. 14 Waveforms showing the blanking (BI) Note to Fig. 15 

to output (Q,) propagation delays and the The shaded areas indicate when the input is 

output transition times. permitted to change for predictable output 
performance. 


Note to AC waveforms 
(1) HC : Viy = 50%; Vj = GND to Vcc. 
HCT: Vay = 1.3 V; Vj = GND to 3V. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 


specifications are subject to change without notice. 


9-BIT x 64-WORD FIFO REGISTER; 3-STATE 


FEATURES 


® Synchronous or asynchronous 
operation 

® 3-state outputs 

@® WMaster-reset input to clear data 
and control functions 

® 25 MHz (typ.) shift-in, shift-out 
rates with flags | 

® 40 MHz (typ.) burst-in, burst-out 
rates without flags 

® Cascadable to 25 MHz (typ.) 

@ Readily expandable in word and 
bit dimensions 

® Pinning arranged for easy board 
layout: input pins directly 
opposite output pins 

® Qutput capability: standard 

® Icc category: MSI 


GENERAL DESCRIPTION 

The 74HC/HCT7030 are high-speed 
Si-gate CMOS devices specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT7030 is an expandable, 
First-In First-Out (FIFO) memory 
organized as 64 words by 9 bits. A 25 MHz 
data-rate makes it ideal for high-speed 
applications. Burst data-rates of 40 MHz 
can be obtained in applications where the 
status flags are not used. 


With separate controls for shift-in (St) and 
shift-out (SO), reading and writing 
operations are completely independent, 
allowing synchronous and asynchronous 
data transfers. Additional controls include 
a master-reset input (IMR) and an output 
enable input (OE). Flags for data-in-ready 
(DIR) and data-out-ready (DOR) indicate 
the status of the device. 

{continued on next page) 


Ba Sar A a OS I 
Ei 
1w, 
Oo 
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Fig. 1 Pin configuration. 


TYPICAL 


| SYMBOL PARAMETER 


CONDITIONS 
—— 4 
tpy/ propagation delay 
tpLH SI, SO to DIR, DOR Cy = 15 pF 
——~ 4 Vec=5V 
fmax maximum clock frequency 


3 | ee aera ee 


| Cy | input capacitance | 


GND =0 V; Tamb = 25 °C; ty = ty = 6 ns 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT7030P: 28-lead DIL; plastic (SOT-117D). 
PC74HC/HCT7030T: 28-lead mini-pack; plastic (SO-28; SOT-136A). 


PIN DESCRIPTION 


SYMBOL | NAME AND FUNCTION 


GND ground (0 V) (all pins must be connected) 


DIR data-in-ready output 
S| shift-in input (active HIGH) 


parallel data inputs 
output enable input (active LOW) 
| 3-state parallel! data outputs 


data-out-ready output 
shift-out input (active HIGH) 
asynchronous master-reset input (active LOW) 


DOSE supply voltage 


OUTPUT 
STAGE 
1x9BITS 


| main FIFO | 
REGISTER 
62x 9 BITS 


‘ 


CONTROL LOGIC | 


7293888.1 


Fig. 2 Functional diagram. 
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GENERAL DESCRIPTION (continued) 


Devices can be interconnected easily to 
expand word and bit dimensions. All 
output pins are directly opposite the 
corresponding input pins thus simplifying 
board layout in expanded applications. 


INPUTS AND OUTPUTS 


Data inputs (Dg to Dg) 


As there is no weighting of the inputs, any 
input can be assigned as the MSB. The 
size of the FIFO memory can be reduced 
from the 9 x 64 configuration, i.e. 8 x 64, 
7 x 64, down to 1 x 64, by tying unused 
data input pins to Vcc or GND. 


Data outputs (Qg to Qg) 


As there is no weighting of the outputs, 
any output can be assigned as the MSB. 
The size of the FIFO memory can be 
reduced from the 9 x 64 configuration as 
described for data inputs. In a reduced 
format, the unused data output pins must 
be left open. 


Master-reset (IMR) 


When MR is LOW, all data and control 
functions within the FIFO are cleared, 
the data-in-ready (DIR) flag is set HIGH 
and the data-out-ready flag (DOR) is set 
LOW. The output stage remains in the 
state of the last word that was shifted out, 
or in the random state existing at 
power-up. 


Status flag outputs (DIR, DOR) 


indication of the status of the FIFO is 
given by two status flags, data-in-ready 
(DIR) and data-out-ready (DOR): 


DIR = HIGH indicates the input state is 
empty and ready to accept valid 
data; 


DIR = LOW indicates that the FIFO is full 
or that a previous shift-in operation 
is not complete; 


DOR = HIGH assures valid data is present 
at the outputs Qg to Og (does not 
indicate that new data is awaiting 
transfer into the output stage); 


DOR = LOW indicates the output stage is 
busy or there is no valid data. 


Shift-in control (S!) 


Data is loaded into the input stage on a 
LOW-to-HIGH transition of S!. A HIGH- 
to-LOW transition triggers an automatic 
data transfer process. 


Shift-out control (SQ) 


A LOW-to-HIGH transition of SO causes 
the DOR flag to go LOW. A HIGH-to- 
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LOW transition of SO causes upstream 
data to move into the output stage, and 
empty locations to move towards the 
input stage. 


Output enable (OE) 


The outputs Og to Qg are enabled when 
OE = LOW. When OE = HIGH the outputs 
are in the high impedance OF F-state. 


FUNCTIONAL DESCRIPTION 


Data input 


Following power-up, the master-reset (MR) 
input is pulsed LOW to clear the FIFO 
memory. The data-in-ready flag (DIR = 
HIGH) indicates that the FIFO input stage 
is empty and ready to receive data. When 
DIR is valid (HIGH), data present at Dg to 
Dg can be shifted-in using the SI control 
input. With St = HIGH, data is shifted in 
to the input stage and a busy indication is 
given by DIR going LOW. 


The data remains at the first location in 
the FIFO until SI is set to LOW. With 

SI = LOW the data moves through the 
FIFO to the output stage, or to the last 
empty location. If the FIFO is not full 
after the S| pulse, DIR again becomes valid 
(HIGH) to indicate that space is available 
in the FIFO. The DIR flag remains LOW 

if the FIFO is full. 


With the FIFO full, Sl can be held LOW 
until a shift-out (SO) pulse occurs. Then, 
following a shift-out of data, an empty 
location appears at the FIFO input and 
DIR goes HIGH to allow the next data to 
be shifted-in (this remains at the first 
FIFO location until S! again goes LOW). 


Data transfer 


After data has been transferred from the 
input stage to the FIFO following 

S| = LOW, the data moves through the 
FIFO asynchronously and is stacked at 
the output end of the register. Empty 
locations appear at the input end of the 
FIFO as the data moves through the 
device. 


Data output 


The data-out-ready flag (DOR = HIGH) 
indicates that there is valid data at the 
output (Qpg to Og). The initial master- 
reset at power-on (MR = LOW) sets DOR 
to LOW and clears the output stage. 
After MR = HIGH, data shifted into the 
FIFO moves through to the output stage 
causing DOR to go HIGH. 


As the DOR flag goes HIGH, data can be 
shifted-out using the SO control input. 
With SO = HIGH, data in the output stage 
is shifted out and a busy indication is 
given by DOR going LOW. When SO is 


held LOW, data moves through the FIFO 
to fill the output stage and an empty 
location appears at the input stage. When 
the output stage is filled DOR goes HIGH, 
but if the last of the valid data has been 
shifted out leaving the FIFO empty the 
DOR flag remains LOW. With the FIFO 
empty, the last word that was shifted-out 
is latched at the output Og to Og. 


With the FIFO empty, the SO input can 
be held HIGH until the SI control input 
is used, Following an SI pulse, data moves 
through the FIFO to the output stage, 
resulting in the DOR flag going HIGH and 
a shift-out of data occurring. The SO 
control must be held LOW before 
additional data can be shifted out. 


High-speed burst mode 


If it is assumed that the shift-in/shift-out 
pulses are not applied until the respective 
Status flags are valid, it follows that the 
shift-in/shift-out rates are determined by 
the status flags. However, without the 
status flags a high-speed burst mode can 
be implemented. In this mode, the burst- 
in/burst-out rates are determined by the 
pulse widths of the shift-in/shift-out 
inputs and burst rates of 40 MHz can be 
obtained. Shift pulses can be applied 
without regard to the status flags but 
shift-in pulses that would overflow the 
storage capacity of the FIFO are not 
allowed. 


Expanded format 


The ‘‘7030” is easily cascaded to increase 
the word capacity and no external 
components are needed. In the cascaded 
configuration, all necessary 
communications and timing are performed 
by the FIFOs themselves. The 
intercommunication speed is determined 
by the minimum flag pulse widths and the 
flag delays. The data rate of cascaded 
devices is typically 25 MHz. 
Word-capacity can be expanded to and 
beyond 128-words x 9-bits. 


APPLICATIONS 


® High-speed disc or tape controller 
Video timebase correction 

A/D output buffers 

Voice synthesis 

input/output formatter for digital 
filters and FFTs 

Bit-rate smoothing 


PHASE-LOCKED-LOOP WITH LOCK DETECTOR 


FEATURES 

@ Low power consumption 

@ Centre frequency up to 
17 MHz (typ.) at Voc = 4.5 V 

® Choice of two phase comparators: 
EXCLUSIVE-OR; 
edge-triggered JK flip-flop; 

@ Excellent VCO frequency linearity 

@® VCO-inhibit control for ON/OFF 
keying and for low standby 
power consumption 

@® Minimal frequency drift 

@ Operation power supply voltage 
range: 
VCO section 3.0 to 6.0 V 
digital section 2.0 to 6.0 V 

® Zero voltage offset due to op-amp 
buffering 

@® Output capability: standard 

® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT7046 are high-speed 
Si-gate CMOS devices and are specified 
in compliance with JEDEC standard no. 7. 


The 74HC/HCT7046 are phase-locked-loop 
circuits that comprise a linear voltage- 
controlled oscillator (VCO) and two 
different phase comparators (PC1 and 
PC2) with a common signal input amplifier 
and a common comparator input. 


A lock detector is provided and this gives 
a HIGH level at pin 1 (LD) when the PLL 
is locked. The lock detector capacitor 
must be connected between pin 15 (C, p) 
and pin 8 (GND). For a frequency range 
of 100 kHz to 10 MHz the lock detector 
capacitor should be respectively 10 pF to 
1000 pF. 


7296086 


Fig. 1 Pin configuration. 


VCO centre frequency 


GND =0 V; Tamb = 25 °C 


Note 1 


TYPICAL 
CONDITIONS UNIT 
~— 


SYMBOL PARAMETER 


input capacitance (pin 5) ) [ae f 35 for }35 [35 [oF 5 3.5 
power dissipation 
capacitance per package 


PC74HC/HCT7046A 
MSI 


Applies to phase comparator section only (VCO disabled). 
For power dissipation of VCO and demodulator sections 


see Figs 20, 21 and 22. 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT7046AP: 


The signal input can be directly coupled 

to large voltage signals, or indirectly 
coupled (with a series capacitor) to small 
voltage signals. A self-bias input circuit 
keeps small voltage signals within the linear 
region of the input amplifiers. With a 
passive low-pass filter, the “7046” forms 

a second-order loop PLL. The excellent 
VCO linearity is achieved by the use of 
linear op-amp techniques. 


(continued on next page) 
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Fig. 2 Logic symbol. 


16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT7046AT: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


APPLICATIONS 

@ FM modulation and demodulation 
@ Frequency synthesis and 
multiplication 

Frequency discrimination 

Tone decoding 

Data synchronization and 
conditioning 

@ Voltage-to-frequency conversion 
@® Motor-speed control 


} 
PLL 
7046 pcol 
PCOII 
LD 
LD 


7296088 


Fig. 3 IEC logic symbol. 
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PIN DESCRIPTION 


PINNO. SYMBOL NAME AND FUNCTION 


capacitor C1 connection A 


capacitor C1 connection B 
ground (0 V) 

VCO input 

demodulator output 


1 lock detector output (active HIGH) 
2 phase comparator 1 output 

3 comparator input 

4 VCO output 

5 inhibit input 

6 

7 

8 


<e) 


resistor R1 connection 


resistor R2 connection 


-_= = = — 
© wpe -—- © 


phase comparator 2 output 


—_ 
+ 


signal input 
lock detector capacitor input 


— 
oa 


positive supply voltage 


PHASE 


L | COMPARATOR 


1 


PHASE 
COMPARATOR 
2 


LOCK 
DETECTOR 


7Z96089 


Fig. 4 Functional diagram. 
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GENERAL DESCRIPTION (Cont'd) 
vco 


The VCO requires one external capacitor 
C1 (between Ci, and Cig) and one 
external resistor R1 (between Ry and 
GND) or two external resistors R1 and R2 
(between Ry and GND, and Rg and GND). 
Resistor R1 and capacitor C1 determine ! 
the frequency range of the VCO. Resistor 

R2 enables the VCO to have a frequency 

offset if required. 


The high input impedance of the VCO 
simplifies the design of low-pass filters by 
giving the designer a wide choice of 
resistor/capacitor ranges. In order not to 
load the low-pass filter, a demodulator 
output of the VCO input voltage is 
provided at pin 10 (DEMQyrT). In contrast 
to conventional techniques where the 
DEMouT voltage is one threshold voltage 
lower than the VCO input voltage, here 
the DEMoyT voltage equals that of the 
VCO input. If DEMoyT is used, a load 
resistor (Rs) should be connected from 
DEMourT to GND; if unused, DEMoyT 
should be left open. The VCO output 
(VCOgyT) can be connected directly to 
the comparator input (COMP ),\y), or 
connected via a frequency-divider. The 
VCO output signal has a guaranteed duty 
factor of 50%. A LOW level at the inhibit 
input (INH) enables the VCO and 
demodulator, while a HIGH level turns 
both off to minimize standby power 
consumption. 


Phase comparators 


The signal input (S!G),q) can be directly 
coupled to the self-biasing amplifier at 

pin 14, provided that the signal swing is 
between the standard HC family input 
logic levels. Capacitive coupling is required 
for signals with smaller swings. 


Phase comparator 1 (PC1) 


This is an EXCLUSIVE-OR network. The 
signal and comparator input frequencies 
(f;) must have a 50% duty factor to obtain 
the maximum locking range. The transfer 
characteristic of PC1, assuming ripple 

(f, = 2f;) is suppressed, is: 


V 
Vpemout = —2£(¢siGin — SCOMPIN) 


where VpEMOQUT is the demodulator 
output at pin 10; 

VDEMOUT = VPC10UT (via low-pass 
filter). 

The average output voltage from PC1, fed 
to the VCO input via the low-pass filter 
and seen at the demodulator output at 

pin 10 (VpEMouUT), is the resultant of 
the phase differences of signals (SIGj)\y) 
and the comparator input (COMP),y) as 
shown in Fig. 6. The average of Vp —EMOUT 
is equal to 1/2 Vcc when there is no signal 


PC74HC/HCT7046A 
MSI 


Phase-locked-loop with lock detector 


_ 6 7 al |3 14 


Cty Clg} VCOoyr 


Vv 
ref 
12 | Re sit be : 


10 | PEMout 


7Z96090 


Fig. 5 Logic diagram. 


or noise at SIGyyy and with this input the 
VCO oscillates at the centre frequency (fo). 
Typical waveforms for the PC1 loop locked y 7296027 
at fg are shown in Fig. 7. . 


The frequency capture range (2f,) is VDEMOUT (AV) 
defined as the frequency range of input 
signals on which the PLL will lock if it was 
initially out-of-lock. The frequency lock 
range (2f| ) is defined as the frequency 
range of input signals on which the loop 
will stay locked if it was initially in lock. 
The capture range is smaller or equal to 
the lock range. 


fe) 

With PC1, the capture range depends on 9° Soemour 
the low-pass filter characteristics and can 
be made as large as the lock range. 
This configuration retains lock even with 
very noisy input signals. Typical behaviour 
of this type of phase comparator is that it difference: 
can lock to input frequencies close to the V xy _ 
harmonics of the VCO centre frequency. ieee PC1OUT * 

—2C{ 6516 )N — ¢COmPIN) 


Se a 


—— GND 


oO 
JB 7296028 


Fig. 6 Phase comparator 1: average 
output voltage versus input phase 


Fig. 7 Typical waveforms for PLL using 
phase comparator 1, loop locked at fo. 


@DEMOUT = (SIGIN — SCOMPIN). 
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GENERAL DESCRIPTION (Cont'd) 
Phase comparators (Cont’d) 


Phase comparator 2 (PC2) 


This is a positive edge-triggered phase and 
frequency detector. When the PLL is 
using this comparator, the loop is 
controlled by positive signal transitions 
and the duty factors of SIGjjy and 
COMP jy are not important. PC2 
comprises two D-type flip-flops, 
control-gating and a 3-state output stage. 
The circuit functions as an up-down 
counter (Fig. 5) where SIGj,jy causes an 
up-count and COMP }\y a down-count. 
The transfer function of PC2, assuming 
ripple (f, = f;) is suppressed, is: 


V 
VpEMOUT = -a(4siGIN — ¢COMPIN) 
where Vp EMOUT is the demodulator 
output at pin 10; 


VDEMOUT = VPC20UT (via low-pass 
filter). 


Vec 
VDEMOUT (AV) 


1/2 Vec 


+3 
SDEMOUT 


The average output voltage from PC2, fed 
to the VCO via the low-pass filter and seen 
at the demodulator output at pin 10 
(VpEMOUT)., is the resultant of the phase 
differences of SIGjjy and COMP), as 
shown in Fig. 8. Typical waveforms for the 
PC2 loop locked at fy are shown in Fig. 9. 


When the frequencies of SIGjjy and 
COMP); are equal but the phase of SIG}, 
leads that of COMP)j, the p-type output 
driver at PC29yT is held ‘ON” for a time 
corresponding to the phase difference 
(¢DEMOUT). When the phase of SIG\j\ 
lags that of COMPyj\, the n-type driver is 
held “ON”. 


When the frequency of SIGjj,) is higher 
than that of COMP j, the p-type output 
driver is held ‘‘ON”’ for most of the input © 
signal cycle time, and for the remainder of 
the cycle both n and p- type drivers are 
“OFF” (3-state). If the SIG|jy frequency 
is lower than the COMP), frequency, then 
it is the n-type driver that is held “ON” 
for most of the cycle. Subsequently, the 


7296029 


SIG 


COMP ny 
VCOouT 


PC2ouT 


VCOjn 


PCPQUT 


Fig. 8 Phase comparator 2: average output voltage 


versus input phase difference: 
VDEMOUT = YPC20UT = 


VEC (osigin — ScOMPIN) 


PDEMOUT = (¢SIGIN — SCOMPIN): 
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voltage at the capacitor (C2) of the 
low-pass filter connected to PC29uyT 
varies until the signal and comparator 
inputs are equal in both phase and 
frequency. At this stable point the voltage 
on C2 remains constant as the PC2 output 
is in 3-state and the VCO input at pin 9 is 
a high impedance. Also in this condition, 
the signal at the phase comparator pulse 
output (PCPOyT) is a HIGH level and so 
can be used for indicating a locked 
condition. 


Thus, for PC2, no phase difference exists 
between SIG) and COMP), over the full 
frequency range of the VCO. Moreover, 
the power dissipation due to the low-pass 
filter is reduced because both p and n-type 


_ drivers are “OFF” for most of the signal 
input cycle. It should be noted that the 


PLL lock range for this type of phase 

comparator is equal to the capture range 
and is independent of the low-pass filter. 
With no signal present at SIG}jyy the VCO 
adjusts, via PC2, to its lowest frequency. 


Fig. 9 Typical waveforms for PLL using phase 
comparator 2, loop locked at fp. 
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Phase-locked-loop with lock detector 


RECOMMENDED OPERATING CONDITIONS FOR 74HC/HCT 


74HC 74HCT 
SYMBOL PARAMETER UNIT | CONDITIONS 
min, | typ. | max. min. | typ. max. 


DC supply voltage if 20 150 |6o0 |45 150 155 |v 


Voc VCO section is not used 


Vy DC input voltage range 0 Vcc |} 0 Vcc ie 
Vo DC output voltage range 0 Vcc | O Vcc 

Tamb operating ambient temperature range |= 40 | +85 -40 +85 see DC and AC 

Tamb operating ambient temperature range iis 40 +125 | —40 SU BRAEEERID TIES 


1000 Vec =2.0 V 
ty, tf input rise and fall times (pin 5) 6.0 500 6.0 500 ns Vec =4.5 V 
400 Vcc =6.0 V 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages are referenced to GND (ground = 0 V) 


SYMBOL PARAMETER : . | UNIT | CONDITIONS 
DC supply voltage -0.5 | +7 V 


DC input diode current es 
except Cla, Clg 20 for Vj} < -0.5 Vor Vi > Voc +0.5V 
DC input diode current 
thik Cia Cle 10 for Vj < -0.5 Vor Vi > Vcc +0.5 V 


for Vo < -0.5 Vor Vo > Vec + 0.5 V 
mA 


for -0.5V< Vg < Vcc + 0.5 V 


DC output diode current 


DC output source or sink 
current 


*Icc: DC Vcc or GND current 50 mA 
tIGND 


storage temperature range - 65 +150 | °C 


power dissipation per package 
Prot plastic DIL 
plastic mini-pack (SO) 


for temperature range: —40 to +125 °C 
74HC/HCT 
above +70 °C: derate linearly with 8 mW/K 


above +70 °C: derate linearly with 6 mW/K 


January 1986 931 


PC74HC/HCT7046A 


932 


MS! 


DC CHARACTERISTICS FOR 74HC 


Quiescent supply current 


Voltages are referenced to GND (ground = 0 V) 


TagaptC) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT | Vcc | OTHER 
+25 —40 to +85 | —40 to +125 V 
emi | typ | max. | in| max. | min. | max. | 


pins 3, 5, and 14 at Vcc; 
8.0 80.0 160.0) vA 6.0 pin 9 at GND; |; at pins 
| 3 and 14 to be excluded | 


quiescent supply current 


loc (VCO disabled) 


Phase comparator section 


Voltages are referenced to GND (ground = 0 V) 


SYMBOL 


Tamb (°C) 


TEST CONDITIONS 


74HC 


PARAMETER 
—40 to +85 | —40 to +125 
min. | max. | min. | max. 
DC coupled 
ViH HIGH level input voltage 
SIGiN, COMPIN 
DC coupled 
VIL LOW level input voltage 
SIGjn, COMP), 

Vv HIGH level output voltage _ 2 i m an 
OH LD, PCnQUT -I9 =20pnA 
V HIGH level output voltage -l9g =4.0mA 

OH LD, PChouT -lg =5.2 mA 
Vv LOW level output voltage " _ 5 a 
OE LD, PCnguUT lo = 20 nA 
LOW level output voltage lo = 4.0 mA 
LD, PChouT lo =5.2 mA 
input leakage current 
SI1Giy, COMPi yy 
3-state 
=V 
OF F-state current es CC OF 


Vj, at self-bias operating 
point; AV; =0.5 V; 
see Figs 10, 11 and 712 


input resistance 
SIGiN, COMP, 
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Phase-locked-loop with lock detector 


VCO section 
Voltages are referenced to GND (ground = 0 V) 


SYMBOL 


PARAMETER 


[| i in [ma 
HIGH level 
VIH input voltage 2.0 2.0 2.0 
INH 
LOW level 
VIL input voltage 1.2 
INH 
HIGH level 
VOH output voltage 44 | 4.5 4.4 4.4 
VCOQUT 
HIGH level 
VOH output voltage 3.98 | 4.32 3.84 3.7 
VCOQUT 
LOW level 
VOL output voltage 0 0.1 
VCOQUT 
LOW level 
| VOL output voltage 0.15 | 0.26 0.33 0.4 
VCOQUT 
LOW l!evel output 
VOL voltage C1,, C1 0.40 0.47 0.54 
(test purposes only) 
input leakage current 
Pat. resistor range 300 k 
cisorcom a0 fom ||| fk 
. no 
Vv operating voltage 32 
VCOIN range at VCOj\ : 


UNIT 


a 
> 
on 

8 

= 


PC74HC/HCT7046A 
MSI 


TEST CONDITIONS 


Vec | Vj ‘| OTHER 


> 


| 


lo = 20 nA 


VIH 
4.5 or 
ViL 


Io =4.0 mA 


Notes 
1. The parallel value of R1 and R2 should be more than 2.7 kQQ2. 


over the range 
specified for R1; 
for linearity see 

Figs 18 and 19. 
Refer to note 2 


2. The maximum operating voltage can be as high as Vcc — 0.9 V, however, this may result.in an increased offset voltage. 
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DC CHARACTERISTICS FOR 74HC (Cont'd) 


Demodulator section 


Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 
74HCT 
SYMBOL | PARAMETER UNIT | Voc | OTHER 
—40 to +85 | —40to +125 Vv 
in. f . min. 


at Rg > 300 k&X2 
the leakage current can 


influence VpEMOUT 
Vi = Vvcoin = 1/2 Voc: 
values taken over Rg range; 
see Fig. 13 


Vpemout = 1/2 Vcc 


R 


: B 
Vv offset voltage 

GES VCO\n to VDEMOUT 
R dynamic output 

D resistance at DEMQUT 


resistor range 
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AC CHARACTERISTICS FOR 74HC 
Phase comparator section 
GND =0 V;t, = tt = 6 ns; Cy = 50 pF 


a (°C) TEST CONDITIONS 
SYMBOL | PARAMETER UNIT | V OTHER 
Ag 

propagation delay 
‘PHL! SIG) jy, COMP) n 5 | Fig 14 
tPLH 

to PCloyt : 
tTHL/ output transition time Fig. 14 
'TLH 
t / 3-state output enable ; 
en time SIGjy, COMP) Fig. 15 
PZL to PC2gyT ; 
t / 3-state output disable ns 
tne time SIGjjy, COMP} 
PLZ to PC2ouT 

AC coupled input sensitivity : 
Vi(p-p) (peak-to-peak value) at } 

SIGiyy or COMP yy ; 


VCO section 
GND = 0 V;t, = ts = 6 ns; Cy = 50 pF 


TEST CONDITIONS 
pm 
SYMBOL | PARAMETER oo OTHER 
ee “40 10 +85 | 4010 +125 
Pn 


0.20 =VycoINn = 1/2 Vee: 
0.15 %/K ee MI = 100 k22; R2 = 
: C1 = 100 pF; see Fig. 16 


Vvcoin = 1/2 Vcc; 
R1=3kQ; R2=<; 
C1 = 40 pF; see Fig. 17 


R1 = 100 kQ; R2 =; 
C1 = 100 pF; 
see Figs 18 and 19 


frequency stability 
with temperature 
change 


VCO centre frequency 
(duty factor = 50%) 


VCO frequency linearity 


duty factor at VCOgUT 
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DC CHARACTERISTICS FOR 74HCT 
Quiescent supply current 


Voltages are referenced to GND (ground = 0 V) 


Tamb ( °C) 
74HCT 
SYMBOL | PARAMETER UNIT 
5 -40 to +85 | —40 to +125 
[mo 
Ic quiescent supply current 
(VCO disabled) 
additional quiescent supply 


current per input pin for 
100 | 360 
Note 


unit load coefficient is 1 
(note 1) 
1. The value of additional quiescent supply current (Alcc¢) for a unit load of 1 is given above. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


TEST CONDITIONS 


Vcc | OTHER 
V 


pins 3, 5 and 14 at Vcc; 
pin 9 at GND; || at pins 
3 and 14 to be excluded 


pins 3 and 14 at Vcc; 
pin 9 at GND; || at pins 
3 and 14 to be excluded 
Vi= Veco -2.1V 
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Phase-locked-loop with lock detector 


Phase comparator section 


Voltages are referenced to GND (ground = 0 V) 


SYMBOL 


VIH 


VIL 


VOH 


| HIGH level output voltage 


PARAMETER 
+25 


Tamb (°C) 


74HCT 


—40 to +85 


DC coupled 
HIGH level input voltage 
SIGiy, COMP), 


DC coupled 
LOW level input voltage 
SIGipyy, COMP 


HIGH level output voltage 
LD, PChoUT 


LD, PChOUT 


LOW level output voltage 
LD, PChQUT 


LOW level output voltage 
LD, PCnguT 


input leakage current 
SIG}, COMP Ny 


3-state 
OFF-state current 


PC2QUT 


input resistance 
SIGi yy, COMP) Ny 


ee as 
NI p 


ee) 


—40 to +125 


i 


PC74HC/HCT7046A 
MSI 


TEST CONDITIONS 


UNIT 


) 


ViH 7 
100] yA | 55 | or bs the Vcc or 
VIL 


V | at self-bias operating 
point; AV; =0.5 V; 
see Figs 10, 11 and 12 
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DC CHARACTERISTICS FOR 74ncT (Cont'd) 


VCO section 


Voltages are referenced to GND (ground = 0 V) 


SYMBOL | PARAMETER 


S 


Tamb (°C) | TEST CONDITIONS 
UN 


74HC 
IT | Veo | Vy | OTHER 
—40 to +85 | —40 to +125 Vv 


3.0 
; V 4.5 
, 6.0 


HIGH level 


VIH input voltage 
INH 
LOW level 
Vib input voltage 
INH 


| HIGH level 
output voltage 
VCOQUT 


HIGH level 
. output voltage 
VCOQuT 


LOW level 
output voltage 
VCOouT 


| LOW level 
output voltage 
VCOouT 


LOW ievel output 
voltage Cia, Clip 
(test purposes only) 


input leakage current 
INH, VCOin 


Ci capacitor range 
over the range 
operating voltage specified for R1; 
VVCOIN range at VCOin eee . 
Refer to note 2 
Notes 


1. The parallel value of R1 and R2 should be more than 2.7 kQQ. 
2. The maximum operating voltage can be as high as Vcc — 0.9 V, however, this may resuit in an increased offset voltage. 


PC74HC/HCT7046A 
MSI 


Phase-locked-loop with lock detector 


Demodulator section 


Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 


SYMBOL | PARAMETER UNIT | Voc | OTHER 
—40 to +85 | 40 to +125 Vv 
3.0 


at Rg > 300 kQ 
the leakage current can 


influence VpDEMOUT 
Vi =Vycoin = 1/2 Vcc; 
offset voltage : values taken over Rg range; 
VCON to VpDEMOUT + : see Fig. 13 


resistor range 


dynamic output : y -12V 
resistance at DEMQutT pemouT = 1/2 Vcc 
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AC CHARACTERISTICS FOR 74HCT 


Phase comparator section 


GND=0OV;t, = t¢=6 ns; Cy = 50 pF 


TEST CONDITIONS 


SYMBOL 


| PARAMETER | UNIT | Vec | OTHER 
+25 —40 to +85 | —40to +125 V 
| amin typ. | ma | min. | max. | min. | max. | 
propagation delay 
| SIGiy, COMP py 26 
| toPCloytT 


Eat 
3-state output enable 
time SIGiny, COMP yy 35 | 60 75 
to PC29yuT | 
3-state output disable 
time SIG}, COMP, 40 | 70 88 
to PC2ouUT 


AC coupled input sensitivity 
(peak-to-peak value) at 0.05 
SIG}yy or COMP) yy 


VCO section . 
GND = 0 V;t, = t¢= 6 ns; Cy = 50 pF 


TEST CONDITIONS 


UNIT | Vcc | OTHER 
Vv 


PARAMETER 


SYMBOL 


Vi = Vvcoin within 
recommended range; 
R1 = 100 k92; R2 =~; 

C1 = 100 pF; see Fig. 16b 


frequency stability 
with temperature 
change 


VvCOIN = 1/2 Vcc: 
R1=3kQ; R2 =: 
C1 = 40 pF; see Fig. 17 


R1 = 100 kQ; R2 =; 
C1 = 100 pF; 
see Figs 18 and 19 


VCO centre frequency 
(duty factor = 50%) 


VCO frequency linearity 


duty factor at VCOQUT 


Ta eR ARO RAN 
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FIGURE REFERENCES FOR DC CHARACTERISTICS 
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| 
| AV; > ~<t 


200+- +-™h.. 


self-bias operating point 


Oo} - Side 


Fig. 19 Typical input resistance curve at SiGyK, 
COMP iy. 


BR As nt awl? is Pps Lies 
5 V at sell-bias poin:. 


OM, = 0. 


J 


/Z96035.1 


sopra 


et 


+h poe serene ee 


we ee een pee ne 


law 


a eee ee en. Guchadg cod 224 iateee. 


V/2Veg—9.25 1/2 Vee t0.25 
V) 


i 
| 
Se oho Bt ots ee th Re ec | 


| 


— Rg = 50 kQ 


--- Rg = 300 kQ 


Fig. 13 Offset voltage at demodul 
a function of VCO and Re. 


a 


Fig. 72 Input current at SIGyn_y, COMP yy with 
AV; = 0.5 V at self bias point, 


Bisnis hana piaiaom noleniataneliaainininie cetiisea etorinh Viste 


H 
i 
i 
| 


pap ASI SEO  CE OLAS Sa Rah ALY ae a ab AE RS 
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AC WAVEFORMS 


nee TEAR EEA SAE 


SIG jy, COMP) yy 
INPUTS 


ae tpL > 


PC1OUT 
OUTPUT 


7296100 Soo el aaa | 


PC2ouT 
OUTPUT 


7296038 


Fig. 14 Waveforms showing input (SIG ny, COMP) ;\y) 
to output (PC1 Qt) propagation delays and the 
output transition times. 


Fig. 15 Waveforms showing the 3-state enable and 
disable times for PC29yT. 


Note to AC waveforms 


(1) HC : Vay = 50%; Vj = GND to Vcc. 
HCT: Vag = 1.3 V; Vy = GND to 3 V. 
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R1 = 300k2 


aT 


<a 


Sl 

\ : 
7 
rs} 
oO 
5 


_ 


+50 +100 
Tamb (°C) 


(a) Vee = 3.0 V (b) Veg =4.5 V (c) Veg =6.0 V 


Fig. 16 Frequency stability versus ambient temperature: C1 = 100 pF; R2 =~; VycoIn = 1/2 Vcc: 
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AC WAVEFORMS (Continued) 


yl 7296043 


xe 


(b) R17 =3kQQ; 
C1 = 100 nF 


(a) R1=3kQ; 
C1 = 40 pF 


fa 


ae 
Eq ee eet i 


4 6 
Vvcoin (V) 
7296044 ane 


ae Srey 3 
vo (COO 
(kHz) | li] ey 


° ote CTT pica 
co 
oi 


(d) R1 = 300 kQ; 
C1 = 100nF 


a Fig. 17 Graphs showing 
VCO frequency (fyco) 


iy 
zl ey | | | as a function of the 
Gla Ree ce ea 


4 6 Fi 
Vvcoin (V) Weonuly) 
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Phase-locked-loop with lock detector 
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Fig. 18 Definition of VCO frequency linearity: 
AV =0.5 V over the Vcc range: 

for VCO linearity 

fy + f9 

a eae 


f'g= 


fiq—f 
linearity EX 100% 
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Fig. 19 Frequency linearity as a function of R1, 
C1 and Vcc: R2=-and AV =O0.5V. 
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Ci 
i 
i L| 
coon 


| 
+ 


44 


Ea 


fo 


Y | 
WAY 


ar 
yf 


i 
A 


oat 


EE RAR? 
Ae 


wm - pd 


10? (kQ) 108 un 


—— C1 = 40 pF — C1 = 40 pF 
-C1= 1 uF ---C1=1 uF 


10? R2 (ka) 109 


Fig. 20 Power dissipation versus the Fig. 21 Power dissipation versus the 
value of R1: Cy =50 pF; R2 =~; value of R2: Cy} = 50 pF; R1 ==; 
VvcoIN = 1/2 Vcc: Tamb = 25 °C. VVCOIN = GND =O V; Tamp = 25°C. 


Fig. 22 Typical dc power dissipation of 
demodulator section as a function of Rs: 
R1 = R2=%; Tamb = 25 C. 
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APPLICATION INFORMATION 


This information is a guide for the Values of the selected components 
approximation of values of external should be within the following ranges: 
components to be used with the R1 bet 3kQ and kQ: 
74HC/HCT7046 in a phase-lock-loop ine wus keees 
system. R2 between 3 kQ. and 300 kQ; 
References should be made to Figs 27, R1+R2_ parallel value > 2.7 k&2; 

28 and 29 as indicated in the table. C1 greater than 40 pF. 


PHASE 
SUBJECT COMPARATOR DESIGN CONSIDERATIONS 


VCO frequency characteristic 
vco frequency PC1, PC2 With R2 =-and R1 within the range 3 k{f2 < R1 < 300 kQQ, the characteristics of 
without extra the VCO operation will be as shown in Fig. 23. 
offset (Due to R1, C1 time constant a small offset remains when R2 =) 
7296051 
i. 1/2 Voc igang max. 
Fig. 23 Frequency characteristic of VCO operating without 
offset: fo = centre frequency; 2f; = frequency lock range. 


Selection of R1 and C1 
Given fg, determine the values of R1 and C1 using Fig. 27. 


PC1 


PC2 Given fmax and fp, determine the values of R1 and C1 using Fig. 27, use Fig. 29 to 


obtain 2f; and then use this to calculate frpjn. 


VCO frequency characteristic 
With R1 and R2 within the ranges 3kQ< R1< 300 k2, 3kQX < R2< 300 kX2, 
the characteristics of the VCO operation will be as shown in Fig. 24. 


VCO frequency PC1, PC2 
with extra 
offset 


7296052 


min. 


1/2 Veg 


VVCOIN 


Fig. 24 Frequency characteristic of VCO operating with 
offset: f, = centre frequency; 2f, = frequency lock range. 


Selection of R1, R2 and C1 


Given f, and f,_, determine the value of product R1C1 by using Fig. 29. 
Calculate fo¢¢ from the equation fo¢¢ = fo — 4.3fL. 

Obtain the values of C1 and R2 by using Fig. 28. 

Calculate the value of R1 from the value of C1 and the product R1C1. 


PC1, PC2 
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PHASE 
SUBJECT COMPARATOR DESIGN CONSIDERATIONS 
PLL conditions VCO adjusts to fg with ¢49EMOUT = 90° and VycojN = 1/2 Vcc (see Fig. 6). 
with no signal at 7 San te 
the SIG) \y input VCO adjusts to fg with é¢97EMOQUT =~ 360 and VycolIN = 0 V (see Fig. 8). 
PLL frequency PC1,.PC2 Loop filter component selection 
capture range 
a IF (jo) 7 
c— | Sip 
INPUT C2 OUTPUT 
es ee i 7296053 
(a) 7=R3x C2 (b) amplitude characteristic (c}) pole-zero diagram 
A small capture range (2f,) is obtained if 7> 2f, = 1/mV/ 2m fj /r. 
Fig. 25 Simple loop filter for PLL without offset. 
R3 
IF ico] 
R4 
INPUT OUTPUT = os 
a3 Pa a Wr -IWyp3 
| m= R3+R4 
Ving: tiey O 7296054 
(a) 74 =R3 x C2; (b) amplitude characteristic (c) pole-zero diagram 
T2 = R4x C2; 


73 = (R3 + R4)x C2 


Fig. 26 Simple loop filter for PLL with offset. 


PLL locks on PC1 yes 


harmonics at Shes reas Benito ne 


noise rejection at PC1 high 


signal input 


PC2 low 


AC ripple content | PC1 f, = 2f;, large ripple content at é9EMOUT = 90° 
when PLL is 


locked PC2 f, = fj, small ripple content at ¢9>EMOUT =O 


January 1986 947 


i Pas Serre nag Ae a a rin cre eng ie anit tram mtn Sn rr 


finale hanno 
fig. iit ry 


fg) as 


( 


' 


ie 


GND; Tamb = 25 °C. 


Fig. 27 Typical value of VCO centre frequency 
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DEVELOPMENT DATA 


This data sheet contains advance information and 


specifications are subject to change without notice. 


8-BIT SYNCHRONOUS BCD DOWN COUNTER 


FEATURES 


Cascadable 

Synchronous or asynchronous preset 
Output capability: standard 

Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT40102 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the ‘40102” of the 
“4000B” series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT40102 consist each of 
an 8-bit synchronous down counter with 
a single output which is active when the 
internal count is zero. The “40102” is 
configured as two cascaded 4-bit BCD 
counters and has control inputs for 
enabling or disabling the clock (CP), for 
clearing the counter to its maximum 
count, and for presetting the counter 
either synchronously or asynchronously. 
All control inputs and the terminal count 
output (TC) are active-LOW logic. 


In normal operation, the counter is 
decremented by one count on each 
positive-going transition of the clock (CP). 
Counting is inhibited when the terminal 
enable input (TE) is HIGH. The terminal 
count output (TC) goes LOW when the 
count reaches zero if TE is LOW, and 
remains LOW for one full clock period. 


When the synchronous preset enable input 
(PE) is LOW, data at the jam input (Pg to 
P7) is clocked into the counter on the 
next positive-going clock transition 
regardless of the state of TE. 

When the asynchronous preset enable 
input (PL) is LOW, data at the jam input 
(Pg to P7) is asynchronously forced into 
the counter regardless of the state of PE, 
TE, or CP. The jam inputs (Pg to P7) 
represent two 4-bit BCD words. 


(continued on next page) 
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Fig. 1 Pin configuration. 


PC74HC/HCT40102 
MSI 
| lp TYPICAL | | 
SYMBOL PAR ANIETER COMDITIONS — p——-- cop EERIE 
i Lek we i 
tpH/ propagation delay 
tpLH CP to TC 
¥ max maximum clock frequency 
ee eee } 
Cj input Cdpaci tance 3.5 | | 
aes | Sasa 
Rowen gbaeton notestand2 | 25 | 27 | pF | 
Capacitance per counter | | 
GND =0 V; Tamb = 25 °C; ty = te = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cppx Vcc’ x fi+ 2 (CL x VCC? x fo) where: 

fj = input frequency in MHz Cr 
fo = output frequency in MHz VCC 
Zz (Cy x Voc? x fo} = sum of outputs 

2. For HC thecondition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vec — 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT40102P: 16-lead DIL; plastic (SOT-382). 
PC74HC/HCT40102T: 16-lead mini-pack; plastic (SO-16; SOT-108A). 


PIN DESCRIPTION 


output load capacitance in pF 
supply voltage in 


Hl 


PIN NO. SYMBOL. NAME AND FUNCTION 
cq an | 
1 cP clock input (LOW-to-HIGH, edge-triggered) 
2 MR asynchronous master reset input (active LOW) 
3 TE termina! enable input | 
a iB 13 Pg to P7 jam inputs 
8 GND ground (0 V) 
g PL asynchronous preset enable input (active LOW} | 
14 TC terminal count output (active LOW) | 
15 PE synchronous preset enable input (active OW) | 
16 | Yee positive supply voltage : 


iN 
PROGRESS 
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Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT40102 
MSI 
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Fig. 4 Functional diagram. 


FUNCTION TABLE 


CONTROL INPUTS PRESET nexiOn 
MODE 


inhibit counter 


preset on next LOW-to 

HIGH clock transition 

preset asynchronously 
asynchronous 


Notes to function table 


1. Clock connected to CP. 
2. Synchronous operation: changes occur on the LOW-to-HIGH CP transition. 
3. Jam inputs: MSD = P7, LSD = Po. 


H = HIGH voltage level 
L = LOW voltage level 
X = don’t care 


January 1986 


GENERAL DESCRIPTION (Cont'd) 


When the master reset input (IMR) is LOW, 
the counter is dsynchronously cleared to 
its maximum count (decimal 99) 
regardless of the state of any other input. 
The precedence relationship between 
control inputs is indicated in the function 
table. 


If all control inputs except TE are HIGH 
at the time of zero count, the counters 
will jump to the maximum count, giving 
a counting sequence of 100 clock pulses 
long. 

The “40102"’ may be cascaded using the 
TE input and the TC output, in either a 
synchronous or ripple mode. 


APPLICATIONS 


. Divide-by-n counters 
Programmable timers 
Interrupt timers 
Cycle/program counters 


8-bit synchronous binary down counter PC74HC/HCT40102 
MSI 


ee 
TO OTHER 7 
FLIP-FLOPS 


7293750 


Fig. 5 Logic diagram. 


DEVELOPMENT DATA 


7Z93751 


Fig. 6 Timing diagram. 


January 1986 953 


PC74HC/HCT40102 
MSI 


DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications’’. 


Output capability: standard 
loc category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND=OV;t, = te = 6 ns; C_ = 50 pF 


Tamb (°C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 
—40 to +85 | —40 to +125 
tpH/ propagation delay 
tPLH CP to TC 


tPHL/ 
tPLH 
tPHL/ 
tPLH 
propagation delay 


tTHL/ output transition time. 

tTLH 

: clock pulse width rs as 
W HIGH or LOW ow eS 


OPN 
ono < 


“WO 
“NO 


propagation delay 


TE to TC oo Ee 
51 
. 415 
propagation delay Fig. 9 


PL to TC 


“OO 
- W& 
=) 
” 


n 


~ 00 
=— & 


: 7 J 
250 300 
50 | 
43 


2.0 


Figs. 7 and 8 


= 
n 


— — (DO 
ood 
—b 
—_- 
ron) 
an wn 
OPN | OPN] OPN] DPN!) OPN!) OF ORN|! OPN | OAHN 
ouo!onmo!] ono] omo!l! omo| ow Oono|] omo|]ouwno 


master reset pulse width 
LOW 


preset enable pulse width 


tw 
tw PL: LOW Fig. 9 
removal time . 
set-up time ; 
: 220 265 2.0 
set-up time . 
set-up time 125 150 2.0 
t 25 30 4.5 
7 coe 21 26 6.0 
: 0 0 0 2.0 
hold time . 
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DEVELOPMENT DATA 


8-bit synchronous binary down counter PC74HC/HCT40102 
MSI 


AC CHARACTERISTICS FOR 74HC (Cont'd) 


GND = OV;t, = te=6 ns; Cy = 50 pF 
Tamb (°C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS 


min, | typ. | max. | min. | max. | min. | max. 


1 = ae es a 
; 0 0 0 
hold time . 
th = 0 0 0 ns Fig. 11 
TE to CP 0 0 0 
. 5 5 5 
hold time 
th 5 5 5 ns Fig. 12 
Py, to CP 5 5 5 
| as 
3 2.4 2.0 
max! clock pul : 
a pe poe 15 12 10 MHz Fig. 7 
eeey 18 14 12 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 


Output capability: standard 
Icc category: MSI 


The value of additional quiescent supply current (Alc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the tabie below. 


UNIT LOAD 
COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT 
GND = OV; t,=te=6ns;C; = 50 pF 
masts TEST CONDITIONS 


UNIT | Voc | WAVEFORMS 
V 


ns Fig. 7 


PARAMETER 


propagation delay 
CP to TC 


SYMBOL 


propegsten delay i ns as Fig. 8 

el delay -_ | ns 4.5 | Fig.9 
Propet —_ 4 ns | 4.5 | Fig. 9 ee 
output transition sige i 4.5 A and 8 
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PC74HC/HCT40102 
MSI 


AC CHARACTERISTICS FOR 74 HCT (Cont'd) 


GND = OV; t, = te = 6 ns; Cy = 50 pF 
Tamb (°C) 
74HCT 
SYMBOL | PARAMETER UNIT 


+25 —40 to +85 | —40 to +125 


TEST CONDITIONS 


Vcc | WAVEFORMS 


<8 | 


35 4.5 Fig. 7 


preset enable pulse width 
Ww PL; LOW = 


4.5 Fig. 9 
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DEVELOPMENT DATA 


8-bit synchronous binary down counter 


AC WAVEFORMS 


CP INPUT 


TC OUTPUT 


7293744 ‘THE! le >! Il tTLH 


Fig. 7 Waveforms showing the clock input 
(CP) to TC propagation delays, the clock 
pulse width, the output transition times 
and the maximum clock pulse frequency. 


PL, MR tNPUT 


TC OUTPUT 


7293747 


Fig. 9 Waveforms showing PL 
to TC propagation delays. 


Le 
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TE or PE 
INPUT 


CP INPUT 


Fig. 11 Waveforms showing hold and set-up 
times for MR or PE to CP. 


em a IN NR I OPC RTE a 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vp =1.3V; Vy = GND to 3V. 


PC74HC/HCT40102 
MSI 


TC OUTPUT 
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Fig. 8 Waveforms showing the TE to TC 
propagation delays. 


MR INPUT 


CP INPUT 
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Fig. 10 Waveforms showing removal time 
for MR. 


Po to Py 
INPUTS 


stable 


CP INPUT 


7293749 


Fig. 12 Waveforms showing hold and set-up 
times for Py, PE to CP. 


Stee Rte Ae (PON ten nen Set ene ty en te a A ra” se ke AGRA Asin ye nee Nm RW AY A A AE 


Note to Fig. 12 


The shaded areas indicate when the input 
is permitted to change for predictable 
output performance. 


957 


January 1986 


PC74HC/HCT40103 
MSI 


8-BIT SYNCHRONOUS BINARY DOWN COUNTER 
FEATURES 


Cascadable 

@ Synchronous or asynchronous preset 
@ Output capability: standard propagation delay 
®@ Icc category: MSI CP to TC 


TYPICAL 


GENERAL DESCRIPTION 


The 74HC/HCT40103 are high-speed input capacitance 

Si-gate CMOS devices and are pin 

compatible with the “40103” of the : power dissipation eee 
4000B”' series. They are specified in PD capacitance per counter MOLES tan 

compliance with JEDEC standard no. 7. 

The 74HC/HCT40103 consist each of GND = 0 V; Tamb = 25 °C; t, = t¢ = 6 ns 

an 8-bit synchronous down counter with Notes 


a single output which is active when the 


internal count is ero. The “40103” 1. Cpp is used to determine the dynamic power dissipation (Pp in uW): 


contains a single 8-bit binary Pp =Cpp x Vcc’ x fj + = (CL x Vcc? x fo) where: 

counter and has control inputs for fj = input frequency in MHz CL = output load capacitance in pF 
enabling or disabling the clock (CP), for fo = output frequency in MHz VCC = supply voltage in V 

clearing the counter to its maximum = (Cy x Voc? x fg) = sum of outputs 

count, and for presetting the counter 2. For HC: the conditions Vi = GND+6. Vice 


either synchronously or asynchronously. 


All control inputs and the terminal count Pernice tthe coneitions-Vil'/ GND to VCC = Low 


output (TC) are active-LOW logic. ORDERING INFORMATION/PACKAGE OUTLINES 

HW Mallett PC74HC/HCT40103P: 16-lead DIL; plastic (SOT-382Z). 

nositiva- going transition of the-clackACP): PC74HC/HCT40103T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 
Counting is inhibited when the terminal PIN DESCRIPTION 

enable input (TE) is HIGH. The terminal 

count output (TC) goes LOW when the 

count reaches zero if TE is LOW, and SYMBOL NAME AND FUNCTION 


remains LOW for one full clock period. 


When the synchronous preset enable input 
(PE) is LOW, data at the jam input (Pg to 
P7) is clocked into the counter on the 


1 CP clock input (LOW-to-HIGH, edge-triggered) 
2 
3 
next positive-going clock transition 4,5,6,7 
1 1,1 
8 
9 


MR asynchronous master reset input (active LOW) 
TE terminal enable input 


regardless of the state of TE. Pg to P7 jam inputs 


When the asynchronous preset enable 


input (PL) is LOW, data at the jam input GND ground (0 V) 

(Pg to P7) is asynchronously forced into PL asynchronous preset enable input (active LOW) 
the counter regardless of the state of PE, _— : ; W 

TE, or CP. The jam inputs (Pg to P7) 14 ae terminal count output feative LOW) | 
represent a single 8-bit binary word. 15 PE synchronous preset enable input (active LOW) 
(continued on next page) 16 Vec positive supply voltage 
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Fig. 3 IEC logic symbol. 


Fig. 1 Pin configuration. Fig. 2 Logic symbol. 
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PC74HC/HCT40103 
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MSI 


GENERAL DESCRIPTION (Cont'd) 


When the master reset input (MR) is LOW, 
the counter is asynchronously cleared to 
its maximum count {decimal 255) 
regardless of the state of any other input. 
The precedence relationship between 
control inputs is indicated in the function 
table. 


If all control inputs except TE are HIGH 
at the time of zero count, the counters 
will jump to the maximum count, giving 
a counting sequence of 256 clock pulses 
long. 

The “40103” may be cascaded using the 
TE input and the TC output, in either a 
synchronous or ripple mode. 


Fig. 4 Functional diagram. 


APPLICATIONS 
FUNCTION TABLE | © Divide-by-n counters 


Programmable timers 
Interrupt timers 
CONTROL INPUTS PRESET ere p 
Cam [re [me [me | 
acc 
Xx preset on next LOW-to 
HIGH clock transition 


Cycle/program counters 
preset asynchronously 
asynchronous 


PL 
EES ea 
Notes to function table 
1. Clock connected to CP. 
2. Synchronous operation: changes occur on the LOW-to-HIGH CP transition. 


3. Jam inputs: MSD = P7, LSD = Po. 


H = HIGH voltage level 
L. = LOW voltage level 
X = don’t care 
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8-bit synchronous binary down counter 


PC74HC/HCT40103 
MSI 


7293742 


Fig. 5 Logic diagram. 


| saniaaanimae 
Py 
: sania: Lethon ie hash aid leet 
Pa 
Ps 
: coo coe 
P4 
See ee SRAM SSE 
P7 
——————————————————————————— 


COUNT | 255 } 254 3 2 1 | 0 | 258 254 | 254 | 253 8 7 6 5 4 255 254 | 253 | 252 
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Fig. 6 Timing diagram. 
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PC74HC/HCT40103 
MSI 


DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘Family specifications”. 
Output capability: standard 

Icc category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND =OV;t, = ts=6ns;Cy = 50pF 


| TESTCONDITIONS —_ CONDITIONS 


SYMBOL | PARAMETER Yeo WAVEFORMS 


—40 to +125 

tpHL/ propagation delay 
tpLH CP to TC 
tpy/ propagation delay 
tPLH TE to TC 
tpHL/ propagation delay 
tPLH PL to TC 

propagation delay 
tTHL/ output transition time 
'TLH 

clock pulse width 

HIGH or LOW 


master reset pulse width 
LOW 


preset enable pulse width 
PL; LOW 


& O1N 
fa) 
oi 


~ 
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Figs. 7 and 8 
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PC74HC/HCT 40103 
MSI 


8-bit synchronous binary down counter 


AC CHARACTERISTICS FOR 74HC (Cont'd) 
GND =OV;t,=te=6ns;C; = 50 pF 


7 L . Tamb (°C) . 
74HC 


SYMBOL | PARAMETER 


TEST CONDITIONS 


UNIT | Voc | WAVEFORMS 


= } a a 
t hold time 
h TE to CP 
ee oe a 
t hold time 
b P,, to CP 
ene See ae: Lee tear 
f maximum clock pulse 
max frequency 
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PC74HC/HCT40103 
MSI 


DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘‘Family specifications”. 
Output capability: standard 

Icc category: MSI 

Note to HCT types 


The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT- 
GND = OV; t, = tp =6 ns; CL = 50 pF 


~ TEST CONDITIONS 


SYMBOL | PARAMETER Vec | WAVEFORMS 


+25 —40 to +85 | —40 to +125 


tpyi/ propagation delay 

tPLH CP to TC 

tpHL/ propagation delay 60 
tepLH TE to TC 

tPHL/ =—|_propagation delay 

tPLH PL to TC vena 


propagation delay 


i 

{ 

| 

| 

| 

| 
s |e ig 
f-°) 
x 


wo ll w 
om) | (Fe) 
pa —_ = ~ 
©) oO 
— 
co | 
= a Ww a 
a) rere) rere) = 


PHL MR to TC ies 
tTHL/ output transition time 

tTLH 

; clock pulse width 

W HIGH or LOW 


t master reset pulse width 
W LOW 


t preset enable pulse width 

” PL; LOW 
t removal time 10 
pa MR to CP or PL to CP 


set-up time 
PE to CP 


w 
[oe] 
No 
NO 


ary 
= 
NO 
o1 


set-up time 
TE to CP 


set-up time 
P,, to CP 


hold time 
PE to CP 


ot ot 
n wn 
c a 
| 
} 
nN N N 
= NO 
= oO 
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8-bit synchronous binary down counter 


PC74HC/HCT40103 
MSI 


AC CHARACTERISTICS FOR 74HCT (Cont'd) 
GND = OV; t, = tp=6ns;C, = 50 pF 
Tamb (°C) TEST CONDITIONS 


PTAC 
SYMBOL |} PARAMETER a ee ls WAVEFORMS 
—40 to +85 | 40 to +125 to +125 


ae, 


hold time 
hold time 
maximum clock pulse 
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MSI 


AC WAVEFORMS 


CP INPUT 


TC OUTPUT 


7293744 THLE! 


Fig. 7 Waveforms showing the clock input 
(CP) to TC propagation delays, the clock 
pulse width, the output transition times 

and the maximum clock pulse frequency. 


PL, MR INPUT 


TC OUTPUT 


7293747 


Fig. 9 Waveforms showing PL, 
to TC propagation delays. 


CP INPUT 
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Fig. 11 Waveforms showing hold and set-up 
times for MR or PE to CP. 


Note to AC waveforms 
(1) HC : Vyy = 50%; V) = GND to Vee. 
HCT: Vy =1.3V; V) = GND to 3V. 
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TE INPUT 


TC OUTPUT 


7293745 tTHL et he 


Fig. 8 Waveforms showing the TE to TC 
propagation delays. 


CP INPUT 
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Fig. 10 Waveforms showing removal time 
for MR. 


Po to P7 
INPUTS 


PE INPUT 


CP INPUT 
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Fig. 12 Waveforms showing hold and set-up 
times for Pp, PE to CP. 


Note to Fig. 12 


The shaded areas indicate when the input 
is permitted to change for predictable 
output performance. 


PC74HC/HCT40104 
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4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER; 3-STATE 


FEATURES 


3-state outputs 
Output capability: bus driver 
Icc category: MSI 


GENERAL DESCRIPTION 

The 74HC/HCT40104 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the “40104” of the 
“‘4000B” series. They are specified in 
compliance with JEDEC standard no. 7. 


The 74HC/HCT40104 are universal 

shift registers featuring parallel inputs, 
parallel outputs, shift-right and shift-left 
serial inputs and 3-state outputs allowing 
the devices to be used in bus-organized 
systems. 


In the parallel-load mode (Sg and Sq are 
HIGH), data is loaded into the associated 
flip-flop and appears at the output after 
the positive transition of the clock input 
(CP). 

During loading, serial data flow is 
inhibited. Shift-right and shift-left are 
accomplished synchronously on the 
positive clock edge with serial data entered 
at the shift-right (Dsp) and shift-left 
(Ds ;_) serial inputs, respectively. 
Clearing the register is accomplished by 
setting both mode controls (Sg and S1) 
LOW and clocking the register. 

When the output enable input (OE) is 
LOW, all outputs assume the high- 
impedance OF F-state (Z). 


APPLICATIONS 


© Arithmetic unit bus registers 

® Serial/parallel conversion 

@ General-purpose register for bus 
organized systems 

@ General-purpose registers 


7287472 


Fig. 1 Pin configuration. 


Synchronous parallel or serial operating 


TYPICAL 


SYMBOL PARAMETER : CONDITIONS 
propagation delay 
CP to On Cy =15pF 
maximum clock frequency 


input capacitance 


power dissipation 
capacitance per package 


notes 1 and 2 


GND =0 V; Tamb = 25. City = tf = 6 ns 


Notes 
1. Cpp is used to determine the dynamic power dissipation (Pp in wW): 
Pp =Cpp x Vcc’ x fj + = (CL x VCC? x fo) where: 


fj = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz ¢<VCC = supply voltage in V 
2 (Cy x Vcc? x fo) = sum of outputs 

2. For HC thecondition is Vj = GND to Vcc 


For HCT the condition is Vj = GND to Vcc — 1.5 V 


ORDERING INFORMATION/PACKAGE OUTLINES 


PC74HC/HCT40104P : 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT40104T: 16-lead mini-pack; plastic (SO-16; SOT-109A). 


PIN DESCRIPTION 


PINNO. | SYMBOL NAME AND FUNCTION 


3-state output enable input (active HIGH) 


serial data shift-right input 


parallel data inputs 


serial data shift-left input 

ground (0 V) 

mode control inputs 

clock input (LOW-to-HIGH, edge-triggered) 
3-state parallel outputs 


9, 10 
11 
15, 14, 13, 12 
16 


positive supply voltage 


7290980.1 


Fig. 3 IEC logic symbol. 


Fig. 2. Logic symbol. 
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PC74HC/HCT 40104 
MSI 


968 


Dy 0% 


4- BIT SHIFT REGISTER 


3~-STATE OUTPUT 


16 14 13 


12 
7287471 


Fig. 4 Functional diagram. 


FUNCTION TABLE 


H = HIGH voltage level 

L = LOW voltage level 

X = don’tcare 

tni1 = State after next 
LOW-to-HIGH transition 
of CP 
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7Z87473 Q3 


Fig. 5 Logic diagram. 


4-bit bidirectional universal shift register: 3-state PC74HC/HCT40104 
MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘’HCMOS family characteristics’, section ‘Family specifications’. 


Output capability: bus driver 
Icé category: MSI 


AC CHARACTERISTICS FOR 74HC 
GND = 0 V; ty = t¢ =6 ns; C; = 50 pF 


Tamb (°C) TEST CONDITIONS 


74HC 

SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS 

+25 -40 to +85 | -40 to +125 Vv 
2.0 
4.5 
6.0 
2.0 
4.5 | F 
6.0 
2.0 
4.5 
6.0 


i 
2.0 
4.5 Fi 
6.0 

i 


2 
| 


propagation delay 
CP to Qy 


& NM 
W— 
oO 


WwW 
GW GO © 
oO 


g 


=a BP 
WOO 
w 
N 


6 
7 


3-state output enable time 
OE to QO, 


3-state output disable time 225 


OE toQ, Fig. 


output transition time Fig. 


—_ 
© 


100 120 


clock pulse width 
HIGH or LOW 


aon! 
— N 
~ © 


set-up time 100 


Fig. 
ig. 
= ' : 
2.0 
45 | Fig. 8 
Dn, DgR, Ds_ to CP 6.0 
100 2.0 
4.5 Fig. 8 
6.0 


set-up time 
So, $1 to CP 


hold time 
Dn, DsR, D1 to CP 


$68 | OP8 | ii 
Ni 
Nw 
ohn 
Oo 
=N 
sO 


hold time 
So, $1 to CP 


NON DN -—N 


4.8 
4.5 Fig. 6 


oi—_ 
oo 


maximum clock pulse 
frequency 


NM & RO NO A NO BO 
—_ = (O Ww pp 


NON 
Oh 


— = OO — -— 0 —_ = © 
OO kOoo ho oO 
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PC74HC/HCT 40104 
MSI 


DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section ‘“Family specifications’. 


Output capability: bus driver 
Icc category: MS! 


Note to HCT types 


The value of additional quiescent supply current (Alec) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


unit load 
coefficient 


AC CHARACTERISTICS FOR 74HCT 
GND=0 V; ty = t¢=6ns; Cy = 50 pF 


SYMBOL | PARAMETER 
+25 -40 to +85 | -40 to +125 


3. 
a 


Vv 
propagation delay 4.5 
CP to On 


tPHL/ 


at 


51 


ca 
Oo 


Tamb (°C) TEST CONDITIONS 
74HCT 
UNIT | Vcc | WAVEFORMS 
ns 


+ 
a 
~ 
<= 


tpZH/ 3-state output enable time 
OE to Q, 


3-state output disable time 
OE to Qy 


_. o> 


_ w Ow (ee) 
+ > 
o1 oT 
nT nT 
a a 
ba SJ 


output transition time 


clock pulse width 
HIGH or LOW 


set-up time 
Dn, Dsp, Dsz to CP 


set-up time 
So, $1 to CP 


hold time 
Dn, Dsp, DSL to CP 


hold time 3 
So, S1 to CP 

maximum clock pulse 27 
frequency 


et 
=> 


= +4 Vv "U 

3 : . = rez |Coa iN 

x x=Ir- NN - 
~— ~~ 


NO NO NO = 
(o) oO 


~> 


= i 
o o 


= 
— 
N 


ol > 
id) o1 
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4-bit bidirectional universal shift register; 3-state 


AC WAVEFORMS 


CP INPUT 


Q,, OUTPUT 


7Z287479.1 


Fig. 6 Waveforms showing the clock (CP) to 
output (Q,,) propagation delays, the clock pulse 
width, the output transition times and the 
maximum clock frequency. 


Dn, DspR, 
Ds_- Sp 
INPUT 


CP INPUT 


7Z90981.1 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy = 1.3V; Vy = GND to 3V. 


OE INPUT 


Q, OUTPUT 
LOW-to-OFF 
OFF -to- LOW 


Q,, OUTPUT 
HIGH - to- OFF 
OFF -to- HIGH 


7Z96098 enabled disabled enabled 


PC74HC/HCT 40104 
MSI 


outputs Ai outputs ____ |ag—— outputs 


Fig. 7 Waveforms showing the 3-state enable and 
disable times. 


Fig. 8 Waveforms showing the set-up and hold 
times from the Dy, Dsp, Ds, and Spy inputs 
to the clock (CP). 


Note to Fig 8 


The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 
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4-BIT X 16-WORD FIFO REGISTER 


FEATURES 


@ Independent asynchroneus inputs and 


outputs 

@ Expandable in either direction 

Reset capability 

@ Status indicators on inputs and 
outputs 

® 3-state outputs 

@ Output capability: standard 

® Icc category: MSI 


GENERAL DESCRIPTION 


The 74HC/HCT40105 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the ‘40105” of the 
“4000B” series. They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT40105 are first-in/first- 
out (FIFO) “‘elastic’’ storage registers that 


can store sixteen 4-bit words. The “40105” 


is capable of handling input and otitput 
data at different shifting rates. This feature 
makes it particularly useful as a buffer 
between asynchronous systems. Each 
word position in the register is clocked by 
a control flip-flop, which stores a marker 
bit. A ‘1’ signifies that the position’s 
data is filled and a ‘‘0’’ denotes a vacancy 
in that position. The control flip-flop 
detects the state of the preceding flip-flop 
and communicates its own status to the 
succeeding flip-flop. When a control 
flip-flop is in the ‘‘O’’ state and sees a ‘1’ 
in the preceding flip-flop, it generates a 
clock pulse that transfers data from the 
preceding four data latches into its own 
four data latches and resets the preceding 
flip-flop to ‘’0’’. The first and last contro! 
flip-flops have buffered outputs. Since all 
empty locations ‘‘bubble’’ automatically 
to the input end, and all valid data ripples 
through to the output end, the status of 
the first control flip-flop (data-in ready 
output - DIR) indicates if the FIFO is full, 
and the status of the last flip-flop (data-out 
ready output - DOR) indicates if the FIFO 


(continued on next page) 


OE | 1 Yeo 
DIR so 

SI DOR 

Do 4 | Qo 
Dy ay 
D2 [6 | Q9 
D3 Q3 
19 | mR 


Fig. 1 Pin configuration. 


PC74HC/HCT 40105 
MSI 


TYPICAL 
SYMBOL PARAMETER CONDITIONS |. ------7-----— 
HC HCT 
propagation delay 
MR to DIR, DOR 16 
OT ceo Reto sees 
propagation delay voce 


SI to DIR 
SO to DOR 


maximum clock frequency 


2.0 


input capacitance 


notes 1 and 2 134 


power dissipation 
capacitance per package 


GND = OV; Tamb = 25 °C; ty = tp = 6 ns 
Notes 


1. Cpp is used to determine the dynamic power dissipation (Py) in uW): 
PD =Cpp x Vcc? x fi + © (CL x Vcc’ x fo) where: 
fj = input frequency in MHz Ci. = output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
Zz (Cy x Vcc? x fg) = sum of outputs 
2. For HC. the condition is Vj = GND to Vcc 
For HCT the condition is Vj = GND to Vcc — 1.5 ¥ 
ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT40105P: 16-lead DIL; plastic (SOT-382). 
PC74HC/HCT40105T: 16-lead mini-pack; plastic (SO-16: SOT-109A). 
PIN DESCRIPTION 


NAME AND FUNCTION 


output enable input (active LOW) 
data-in ready output 

shift-in input (LOW to HIGH, edge-triggered) 
parallel data inputs 

ground (0 V) 

asynchronous master reset input (active HIGH) 


13,12, 11, 10 
14 
15 
16 


3-state data outputs 

data-out ready output 

shift-out input (HIGH-to-LOW, edge-triggered) 
positive supply voltage 


IN PROGRESS 


9 7293837 


Fig. 2 Logic symbol. 


Fig. 3 IEC logic symbol. 
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PC74HC/HCT40105 
MSI 


974 


is a, 


GENERAL DESCRIPTION (Cont‘d) 


contains data. As the earliest data is 
removed from the bottom of the data 
stack (output end}, ail data entered later 
will automatically ripple toward the 
output. . 


Loading data 


Data can be entered whenever the DIR 
flag is HIGH, by a LOW-to-HIGH 
transition on the shift-in input (SI). 
This input must go LOW momentarily 
before the next word is accepted by the 
FIFO. The DIR flag will go LOW 
momentarily, until the data has been 
transferred to the second iccation. The 
DIR flag remains LOW when all 15 word 
locations arc filled with valid data, and 
further pulses on the SI input will be 
ignored unti} DIR goes HIGH. 


Unioading data 


As soon as the first word has rippled to 
the output, the data-out ready output 
(DOR) goes HIGH and data of the first 
word is available on the cutouts. 


Data of other words can be removed by a 
negative-going transition on the snift-out 
input (SO). This negative going transition 
causes the DOR sianal to go LOW, while 
the next word moves to the output. As 
long as valict data is available in the FIFO, 
the DOR signal will go HIGH again 
signifying that the next word is ready at 
the output. When the FIFO Is ernpty, 
DOR will remain LOW, and any further 
commands will be ignored until a 1” 
marker ripples clown to the last control 
register and DGR goes HIG!?, 

if during unloading SI is HIGH, data on 
the data input of the FIFO ts entered in 
the first location. 


Master reset 

A HIGH on the master reset input (MR) 
sets all the control! logic marker bits to 
“0”. DOR goes LOW and DIR goes 
HIGH. The contents of the data register 
are not changed but will be superseded 
when the first word is loaded. Thus MR 
does not clear data within the register but 
only the control logic. If the shift-in flag 
(St) is HIGH during the master reset 
pulse, data present at the input (Dg to Da) 
is immediately moved into the first 
location upon completion of the reset 
process. 


SSE RTARTA NEETU KOSS CA RATES INE AEA RIOTS 
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3-state outputs 


In order to facilitate data busing, 3-state 
outputs (Og to Q3) are provided on the 
data output lines, while the load condition 
of the register can be detected by the 
state of the DOR output. A HIGH on the 
3-state contro! flag (output enable input - 
OE) forces the outputs into the 
high-impedance OF F-state mode. 


Cascading 


The “40105” can be cascaded to form 
longer registers simply by connecting 
the DIR outputs to the SO inputs and 
the DOR outputs to the S! inputs. 

In the cascading mode, a master reset 
pulse must be applied after the supply 
voltage is turned on. For words wider 
than 4 bits, the DIR and DOR outputs 
must be gated together with AND gates. 
Their outputs drive the S! and SO inputs 
in parallel, if expansion occurs in both 
directions (see Figs. 6 and 7). 


APPLICATIONS 


Bit-rate smoothing 
CPU/terminal buffering 
Data communications 
Peripheral buffering 

Line printer input buffers 
Auto-diallers 

CRT buffer memories 
Radar data acquisition 


PC74HC/HCT40105 
MSI 


4-bit x 16-word FIFO register 


INPUT BUFFERS OUTPUT BUFFERS 


4x16 
DATA REGISTER 


7293838 


Fig. 4 Functional diagram. 


Coe el 7 
OUTPUT 
WATCHES BUFFERS Q2 
be cee ail Ree ated a 
position 1 position 2 to 15 position 16 7Z293850.1 


Fig. 5 Logic diagram. 


Notes to Fig. 5 

(see control flip-flops) 

(1) LOW on § input of FF1 and FF5 will 
set Q output to HIGH independent 
of state on R input. 

(2) LOW on R input of FF2 and FF3 will 


set Q output to LOW independent 
of state on S input. 
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PC74HC/HCT40105 
Msi 


7293839 


(1) Master reset pulse must be applied when cascading by 16 n-bits. 
Fig. 6 Expansion; 4-bits wide-by-16 n-bits long. 


8-BIT DATA 8-BIT DATA 


0 


7Z93840 


(1) Master reset pulse must be applied when cascading by 16 n-bits. 


Fig. 7 Expansion; 8-bits wide-by-16 n-bits long. 
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4-bit x 16-word FIFO register 


MSI 


DC CHARACTERISTICS FOR 74HC 


For the DC characteristics see chapter ‘‘HCMOS family characteristics’, section “Family specifications”. 


Output capability: standard 
Icc category: MS! 


AC CHARACTERISTICS FOR 74HC 
GND = OV; t, = tg = 6 ns; C, = 50 pF 


Tamb (°C) TEST CONDITIONS 
, 74HC 
SYMBOL | PARAMETER UNIT | Vcc | WAVE FORMS 
tpHL/ propagation delay 
tPLH MR to DIR, DOR 


+25 —40 to +85 | —40 to +125 Vv aa 
2.0 
4.5 Fig. 8 
6.0 ; 
: 2.0 
propagation delay j 
propagation delay 


- 

< 

TG 
WAND 
On — 
© 


4.5 Fig. 9 


WOW 
oan 
or 
G BN 
“ARN 
© 
RO 
[°>) 
or 


a 
© 

—_b 
ron) 


tpH./ propagation delay on 100 re 
tPLH SO to Q, 34 Ae as 


Fig. 12 


propagation delay/ripple 
tPLH through delay 
S| to DOR 
propagation delay/ripple 
tpLH through delay 
tTHL/ output transition time 
tTLH 


6.0 
2.0 
4.5 
6.0 
2.0 
4.5 Fig. 11 
6.0 
2.0 
4.5 
6.0 
2.0 


750 | ns 45 | Fig. 13 
638 6.0 


SO to DIR 


110 2.0 
22 ns 4.5 Fig. 11 


19 6.0 
tp7y4/ 3-state output enable bg me 
tPZL OE to Qn 33 


tpyHz/ 3-state output disable time 
tpLz OE toQ, 

t S| pulse width 

Ww HIGH or LOW 

: SO pulse width 

W HIGH or LOW 


t DIR pulse width 
W HIGH or LOW 


Fig. 9 


Fig. 10 


6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 


on = =— oOn— 
© N) Ol = © 


58 
21 
17 


Fig. 9 


PC74HC/HCT40105 
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PC74HC/HCT40105 
MSI 


AC CHARACTERISTICS FOR 74HC (Cont‘d) 


GND=0OV;t, =t¢=6ns; Cy =50 pF 


Samp) (°C) TEST CONDITIONS 


PAE 
SYMBOL | PARAMETER et ell ge ee WAVEFORMS 

—~40 to +85 | —40t . 
Fr 


DOR pulse width 
HIGH or LOW 


MR pulse width 
HIGH 


a 


removal time 
MR to SI 


set-up time 
Dry to SI 


hold time 
D, to SI 


Fig. 16 
Figs 9 and 10 


maximum pulse frequency 
$1, SO 


typ. 
22 
8 

6 
—39 
—14 
41 
44 
16 
13 
10 
30 
36 
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4-bit x 16-word FIFO register 


DC CHARACTERISTICS FOR 74HCT 


For the DC characteristics see chapter ‘“-HCMOS family characteristics’ 


Output capability: standard 
Icc category: MS! 


Note to HCT types 


"section ‘Family specifications ’. 


The value of additional quiescent supply current (Alqc) for a unit load of 1 is given in the family specifications. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below. 


UNIT LOAD 
COEFFICIENT 


AC CHARACTERISTICS FOR 74HCT 
GND = 0V;t, = t= 6 ns;C, = 50 pF 


mane ee ee em 


SYMBOL | PARAMETER 


propagation delay 
MR to DIR, DOR 


propagation delay 
SI to DIR 


propagation delay 
SO to DOR 


propagation delay 
SO to Q, 


propagation delay/ripple 
through delay 
SI to DOR 


through delay 


SO to DIR 


output transition time 


OE toQ, 


SI pulse width 
HIGH or LOW 


‘ SO pulse width 
W : HIGH or LOW 


RSE OSI SRD SE TESA EO i A AEE ET 


propagation delay/ripple 


3-state output enable time 


3-state output dissbic time 
OE to (ae 
_" 7 


UNIT 


400 


244 1500 


PEST COMIN re a 
| 


ms 5 


Ver | WAVEFORMS 


pps “kewdgmleuy sae - oa sca aim ans | 


EET TERE ILRI NSE EE SEES SLE VIVES EOS EEE NTEL ECE LE 6 PCL CETTE LEE. ATIC 
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PC74HC/HCT40105 
MSI. 


AC CHARACTERISTICS FOR 74HCT (Cont‘d) 
GND=OV;tp=tp=6ns;Ci=S50pr 


Tamb (°C) ‘TEST CONDITIONS 


UNIT | Vcc | WAVEFORMS 
—40 to +85 | —40 to +125 V 


min. | max. | min. | max. 
re ise Seti d (Were wemhcarret area a IN 


SYMBOL | PARAMETER 


DIR pulse width 
HIGH or LOW 


60 ns 4.5 


ee width | | a ot | _ ” . Pe Fig. 8 
eM to SI. ee ee eee 
ges —5 ns 4.5 Fig. 16 

[rel seo x | [ns [4s [Figs 
meso pulse Tiequency 4 i | 3 MHz 4.5 Figs 9 and 10 


1 cesar emt ame my uaonee ht «MAAN or enERT Hebd th ante Ma 
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PC74HC/HCT40105 
MSI 


4-bit x 16-word FIFO register 


AC WAVEFORMS 


MR_ INPUT 


S! JNPUT 


DIR OUTPUT 


DIR OUTPUT 


7Z93B842 


DOR OUTPUT 


7Z293841.1 
Fig. 9 Waveforms showing the S} input 


to DIR output propagation delay. The S!, 
DIR pulse widths and SI maximum pulse 
frequency. 


Fig. 8 Waveforms showing the MR input 
to DIR, DOR output propagation delays 
and the MR pulse width. 


SO INPUT SO INPUT 


DOR OUTPUT Q,, OUTPUT 


7293843 7293844 


Fig. 10 Waveforms showing the SO input eee 
to DOR output propagation delay. The SO, Fig. 11 Waveforms showing SO input to Q, 
DOR pulse widths and SO maximum pulse output propagation delays and output 
frequency. transition time. 


SI INPUT SO INPUT 


DOR OUTPUT DIR OUTPUT Vui 
7Z93845 7Z93846 


Fig. 13 Waveforms showing the SO input 


Fig. 12 Waveforms showing the SI input 
to DOR output propagation/ripple through to DIR output propagation/rippie through 


delay. 
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PC74HC/HCT40105 
MSI 


AC WAVEFORMS (Cont’d) 


Q, OUTPUT 
LOW- to- OFF 


OFF -to- LOW 


Q, OUTPUT 
HIGH -to- OFF 
OFF -to- HIGH 


Outputs —pig———— Outputs —__ »l«— outputs 
7Z93848 enabled disabled enabled 


Fig. 14 Waveforms showing the 3-state enable 
and disable times for input OE. 


Dy, !NPUT 


S| INPUT 


Fig. 16 Waveforms showing hold and set-up 
times for D,, input to SI input. 


Note to Fig. 16 


The shaded areas indicate when the input 
is permitted to change for predictable 
output performance. 
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MR INPUT 


SI INPUT 


Fig. 15 Waveforms showing the MR input 
to S| input removal time. 


7293849 


Note to AC waveforms 
(1) HC : Vy = 50%; V; = GND to Vcc. 
HCT: Vy =1.3V; Vj = GND to 3V. 


APPLICATION NOTES 


page 
Handling precautions. ...........20 +++ eee eee 985 
Power supply decoupling .................06- 987 


Power dissipation ............2. 0000s eee 991 


HANDLING PRECAUTIONS 


Electrostatic charges 


Electrostatic charges can be stored in many things; for 
example, man-made fibre clothing, moving machinery, 
objects with air blowing across them, plastic storage bins, 
sheets of paper stored in plastic envelopes, paper from 
electrostatic copying machines, and people. The charges are 
caused by friction between two surfaces, at least one of 
which is non-conductive. The magnitude and polarity of the 
charges depends on the different affinities for electrons of 
the two materials rubbing together, the friction force and 
the humidity of the surrounding air. 


Electrostatic discharge is the transfer of an electrostatic 
charge between bodies at different potentials and occurs 
with direct contact or when induced by an electrostatic 
field. All of our CMOS ICs are internally protected against 
electrostatic discharge, but they can be damaged if the 
following precautions are not taken. 


Work station 


Figure 1 shows a working area suitable for safely handling 
electrostatic sensitive devices. It has a work bench, the 
surface of which is conductive or covered by an antistatic 
sheet. Typical resistivity for the bench surface is 1 kQ to 
0,5 MQ per cm?. The floor should also be covered with 
antistatic material. The following precautions should be 
observed: 


— Persons at a work-bench should be earthed via a wrist 
strap and a resistor. 


— All electrical equipment should be connected to the 
mains via an earth-leakage switch and the equipment 
cases should be earthed. 


— Relative humidity should be maintained between 50% 
and 65%, 


— An ionizer should be used to neutralize objects with 
immobile static charges. 


Receipt and storage 


CMOS ICs are packed for despatch in antistatic/conductive 
boxes, rails or blister tape. The fact that the ICs are 
sensitive to electrostatic discharge is shown by warning 
labels on both primary and secondary packing. 


The ICs should be kept in their original packing whilst in 
storage. If a bulk container is partially unpacked, the task 
should be performed at a protected work station. Any 
CMOS ICs that are temporarily stored should be packed in 
conductive or antistatic packing or carriers. 


HANDLING 
PRECAUTIONS 


Assembly 


CMOS ICs must be removed from their protective packing 
with earthed component-pincers or short-circuit clips. 
Short-circuit clips must remain in place during mounting, 
soldering and cleansing/drying processes. Don’t remove 
more ICs from the storage packing than are needed at any 
one time. Production/assembly documents should state that 
the product contains electrostatic sensitive devices and that 
special precautions need to be taken. 


During assembly, ensure that the CMOS ICs are the last of 
the components to be mounted and that this is done at a 
protected work station. 


All tools used during assembly, including soldering tools 
and solder baths, must be earthed. All hand-tools should be 
of conductive or antistatic material and, where possible, not 
insulated, 


Measuring and testing of completed circuit boards must be 
done at a protected work station. Place the soldered side of 
the circuit board on conductive or antistatic foam and 
remove the short-circuit clips. Remove the circuit board 
from the foam, holding the board only at the edges. Make 
sure the circuit board doesn’t touch the conductive surface 
of the work bench. After testing, replace the circuit board 
on the conductive foam to await packing. 


Handle assembled circuit boards containing CMOS ICs in 
the same way as unmounted CMOS ICs. They should also 
carry warning labels and be packed in conductive or anti- 
static packing. 


PLLLIZEILOEL IE 
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(5) Chair 

(6) Wrist strap 

(7) Electrical equipment 

(8) Conductive surface/ 
antistatic sheet 


(1) Earthing rail 

(2) Resistor (5600 kQ + 10%, 
0,5 W) 

(3) lonizer 

(4) Work bench 


Fig. 1 Protected work station. 
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POWER SUPPLY 
DECOUPLING 


POWER SUPPLY LINE LAYOUT AND DECOUPLING RECOMMENDATIONS 


Spikes due to output current switching and the charging 
and discharging of parasitic capacitance, are the two main 
sources of noise on the power lines of HCMOS logic systems. 
To minimize noise, the power supply should be decoupled. 
However, if switching speed is high, not only the voltage 
dips on the power lines must be considered but also the 
effects of di/dt radiation. Decoupling requirements are a 
balance between the precautions necessary to reduce the 
effects of these two phenomena. 

The first requirement for minimizing noise is a well 
designed power distribution network. For instance, it is 
essential to have a good ground (GND) connection pattern 
on a pcb. Even the commonly used GND pattern shown in 
Fig.1 can cause problems. In Fig.1, an output from IC1 
drives an input of IC2, and an output from IC3 drives an 
input of IC4. Since the signal paths between 1C1 and IC2, 
and between IC3 and IC4 are not coupled, there should be 
no crosstalk between them. However, !C1 and IC3 share the 
hatched section of the GND comb, and, when the output of 
IC1 switches, a spike could be generated on the GND of IC3. 
This could be transmitted to I1C4 via the IC3-IC4 signal 
connection causing the output of IC4 to switch erroneously. 
If a double-sided board is used, it is therefore advisable to 
reduce the length of individual sections of the GND comb 
by installing links on the opposite side of the board as shown 
in Fig.2. This is especially important for boards on which 
high level currents are switched. 


(below) 


It is bad practice to use jumpers to connect GND/Vcc 
pins of ICs to pcb tracks (Fig.3). Jumpers are unlikely to be 
used on production boards, but they should not be used on 
prototype or one-off boards either because the inductance 
they introduce into the lines causes coupling between 
outputs. Printed connections should therefore be used to 
interconnect power tracks and IC pins. An even better 
solution is to use multi-layer boards so that individual 
layers can be used as a Vcc plane and a groundplane. The 
power supply can then be connected directly to the IC 
supply pins. Also, the inherent capacitance between the 
Vcc plane and the groundplane will reduce the amplitude 
of any high frequency noise on the power supply. 

This inherent capacitance has the distinct advantage of 
being free from the inductance associated with discrete 
decoupling capacitors. A less expensive alternative to a 
multi-layer board is a multi-wire board which offers the 
same high frequency noise characteristics. With double- 
sided boards, it is not possible to dedicate a layer toa Vcc 
plane and a groundplane. Nevertheless, if at all possible, 
it is still best to have the Vcc and ground tracks on opposite 
sides of the board. 

Connectors on any type of pcb should each have at least 
five ground pins to obtain good distribution of ground 
current. 

The precautions outlined for ground tracks on the pcb 
are equally applicable to the power (Vcc) lines. 
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Fig.1 Common ground path on double-sided board 
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POWER SUPPLY 
DECOUPLING 


The wide HCMOS power supply range of 2 V to 6 V may 
suggest that voltage regulation is not necessary, but it must 
be remembered that supply voltage level variations will 
influence switching speed, noise immunity and power 
consumption. Supply voltage differences between ICs must 
also be avoided because a difference of as little as 0,5 V 
between power lines can cause unwanted effects. To isolate 
noise sources and avoid the use of a large voltage stabilizer 
with its heavy gauge (low impedance) wiring to each board, 
it is better to have a separate stabilizer for each board. 
However, care must be taken because a fault on a stabilizer 
for one board may be transmitted via the HCMOS input 
structure to other boards, possibly causing damage. 

No matter how good the Vcc and GND connections are, 
all line inductance cannot be eliminated. This is where 
decoupling plays its part. 

Ceramic capacitors are best for decoupling because they 
have very low series inductance. The advantage of using 
them will, however, be lost if they are connected too far 
from the IC. The inductance of the long tracks in con- 
junction with the capacitor will then form a very high-Q LC 
tuned-circuit, and the oscillations produced will have a 
worse effect than not having any decoupling at all. If it is 
impossible to make connections between decoupling 
capacitors and ICs shorter than 20mm, then use several 
tracks connected in parallel and separated by at least one 
track-width (Fig.4). Some ceramic capacitors have pre- 
formed leads as shown in Fig.5(a). These leads introduce 
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unwanted inductance. It is better to use capacitors with 
straight leads mounted as shown in Fig.5(b). 

In general, the minimum requirements for good de- 
coupling are: 


-@ one 47 uF bulk capacitor per Eurocard 


e one 1uF tantalum capacitor per 10 packages of SSI logic 


e one 22nF ceramic capacitor for each octal !C and for 
each counter/shift register (MSI logic) 


e one 22 nF ceramic capacitor per 4 packages of SSI logic 


An example showing how to determine the value of de- 
coupling capacitor follows. Assume a buffer output sees a 
100 02 dynamic load and the output LOW-to-HIGH transi- 
tion is 5V; the current demand is therefore 50mA per 
output. For an octal buffer, the current demand would be 
0,4A for 6ns. 

The instantaneous current in the capacitor is: 


_AQ 
At 
._ CAV _ 
And ji = At (from Q= CV) 
iAt 
Therefore, C =Av 


For an octal buffer and a change in Vcc of 0,4 V say, 


_ O04 Ax6x 10% ns 


° 04V 


=6nF. 
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Fig.2 Reducing the length of common ground paths on double-sided board 
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Fig.3 Methods of making ground connections 
O---—-———_0 too much inductance 
QCeREIIEEEE 0 effect 
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Fig.5 Leads of decoupling capacitors: 
(a)unsuitable; (b) preferred 


Fig.4 Power supply tracks 
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POWER DISSIPATION CONSIDERATIONS 


For LSTTL logic ICs operating below 10MHz, the most 
significant part of the total power dissipation is the quiescent 
power dissipation due to the many bipolar transistors that 
continuously conduct. With HCMOS logic ICs however, the 
converse is true because quiescent power dissipation is only 
due to leakage currents through reverse-biased junctions 
and is so low that it is practically negligible compared with 
the frequency-dependent dynamic power dissipation. 

Since the logic functions in most systems only change 
state during brief periods, the average system frequency is 
between one and two orders of magnitude lower than the 
system clock frequency and the ICs therefore only draw 
quiescent current for most of the time. This means that 
replacing LSTTL ICs with equivalent 74HCT ICs, with their 
much lower quiescent power dissipation, results in a very 
significant reduction of overall system power dissipation 
without loss of operating speed. 

However, total system power dissipation, is the sum of 
both the quiescent and the dynamic power dissipation of all 
the ICs and must be determined and minimized during 
system design. For LSTTL, where the quiescent power 
dissipation is the most significant contributor to the total 
power dissipation, the total power dissipation can be 
simply derived from the product of Vcc and !cc given in 
the data sheets. For HCMOS circuits however, the dynamic 
power dissipation which is the most significant part of the 
total power dissipation is influenced by circuit design. It 
cannot be read direct from the data sheets but must be 
calculated from the supply voltage, average switching fre- 
quency, load capacitance, internal capacitances of the IC, 
and transient switching currents. | 

This article explains how our method of specifying 
HCMOS !Cs in the data sheets makes it very simple to calcu- 
late their quiescent, dynamic and total power dissipation. 


TABLE 1 
JEDEC industry standard for d.c. characteristics of HCMOS ICs 
DC characteristics for 74HC/HCT 


Tamb (°C) 
74HC/HCT 


symbol parameter 


+25 


min. typ. max. 


quiescent supply current 


Icc SSI — — 2,0 
Icc flip-flops — = 4,0 
lec MSI _ = 8,0 


* for HC, Vec =6 V. 


—40 to +85 


min. 
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QUIESCENT POWER DISSIPATION 


Quiescent power is dissipated by an IC when it is not 
switching and Vj = Vcc or GND. Figure 1(a) will be used to 
illustrate this power dissipation in HCMOS ICs. In the 
quiescent state, either the PMOS or the NMOS transistor is 
fully off and, in theory, no direct MOS transistor channel 
path exists between Vcc and GND. In practice however, 
thermally generated minority charge-carriers, which are 
present in all reverse-biased diode junctions, allow a very 
small leakage current to flow between Vcc and GND. This 
quiescent supply current (Icc) is specified in the published 
data. 

Three factors influence the value of cc, and therefore 
the quiescent power dissipation, for a particular IC. They are: 


increasing temperature causes ICc to 
increase because the minority charge- 
Carriers in the reverse-biased diode 
junctions are thermally generated. 


Temperature: 


Device Complexity: MSI circuits dissipate more power than 
SSI circuits because they have a pro- 
portionally greater reverse-biased diode 
junction area. 


the number of minority charge-carriers 
is linearly related to reverse junction 
voltage. 


Supply voltage: 


Table 1 shows the JEDEC industry standard for the worst- 
case !cc in HCMOS ICs. It shows the effect of temperature 
and circuit complexity on Ic¢c at the maximum recom- 
mended supply voltage Vcc. Icc can be linearly derated for 
other supply voltages and would be approximately one-third 
of the value in Table 1 fora 74HC IC with Vcc = 2 V. Typical 
Icc values are well below the maximum specified values. 


test conditions 


unit other 


—40 to +125 V 


max. min. max. 


20,0 — 40,0 MA 5,5 Vcc Ig =90 
40,0 — 80,0 MA 5,5 or lo =0 
80,0 — 160,0 LA 5,5 GND I9g=0 
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Vi 
DL . cc 
input output 


| GND 
D1 and D2 are an inherent 


part of the process 7291578 


(b) (c) 


Fig.1 74HC inverter: (a) input structure of 74HC inverter; 
(b) 74HC inverter with protection circuitry; (c) input structure of 74HCT inverter 


Another factor which influences quiescent power dissi- 
pation is the steady-state input voltage level which may 
slightly turn-on one of the input transistors shown in 
Fig.1(a) and yet not fully turn-off the other. This causes a Lapse 
small additional quiescent supply current (Alcc) to flow 
between Vcc and GND. The level of Alcc¢ depends on the 
size of the input transistors and is different for each device. 

In a system consisting entirely of 74HC ICs, the additional 
quiescent supply current Alcc is so small that it can be 
omitted from practical power dissipation calculations. This 
is because 74HC outputs swing from GND to Vcc. The 
worst-case output levels with |Iol=20uA are VoL =0,1V 
max. and VoH = Vcc —0,1 V min., very close to GND and 
Vcc respectively. Figure 2(a) shows that Alcc is negligible 
when these levels are applied to 74HC inputs because they 
always turn one of the input transistors fully off. 

However, if 74HC input levels are held close to the 
switching threshold (typically Vcc/2), Fig.2 shows that the 
additional quiescent supply current (Acc) becomes much 7291569 
greater than quiescent supply current Icc. This occurs if 
the mistake is made of driving a 74HC input from a TTL Vec = 5V 
output. With a minimum TTL VOH of 2,4 V driving a 74HC 
input, not only will a logic “1 probably not be recognized, 
but several milliamps of (Acc) will flow. To overcome this 
problem, an external pull-up resistor could be used as 
shown in Fig.3 but the resistor would dissipate significant 
power because its value would have to be low to maintain 
switching speed. 74HCT ICs have TTL input switching 
levels and should therefore be used instead of 74HC ICs 
whenever it is necessary to interface HCMOS with TTL 
logic. 

Unlike 74HC ICs, 74HCT ICs can be substituted for 
LSTTL ICs and/or mixed with LSTTL, ALSTTL, ASTTL 
or FAST-TTL family ICs in the same system. Under some 


Vcc = 5V 


. Fig.2 Supply current as a function of input voltage at 
conditions, they may dissipate somewhat more quiescent Vec = 5 V. (a) 74HC; (b) 74HCT 


power than 74HC ICs. For example, Fig.2(b) shows that a 
worst-case TTL VoL of 0,5 V max. is close enough to GND. 
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to turn the input NMOS transistor fully off so that Alcc 
is close to zero. However, a worst-case TTL VQH of 2,4 V 
min. causes some Alcc to flow. For this reason, 74HCT 
data sheets specify Icc at the worst-case input voltage of 
Vcc —2,1V for Vcc ranging from 4,5V to 5,5V. It is 
further specified on a per input pin basis to allow more 
accurate power dissipation calculations if all the functions 
within an IC are not being used, or are being driven by 
different input voltage levels. 


Vec REDUCES SPEED, 
INCREASES 


Pr DISSIPATION 


LSTTL PC54/74HC 
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Fig.3 Using a pull-up resistor to interface 
74HC ICs with LSTTL 


Our proprietary 74HCT input structure shown in Fig. 1(c) 


considerably reduces the additional quiescent supply 
current Alcc. The structure is identical to that for 74HC 
circuits except for a level-shifting diode between the PMOS 
transistor and Vcc, and the connection of the substrate of 
the CMOS transistor to Vcc. The effect is to reduce the 
input level switching threshold to 28%Vcc instead of 
50%Vcc as is the case with 74HC ICs. This therefore 
reduces the additional quiescent current Alcc when a TTL 
minimum HIGH level of 2,4 V is applied to a 74HCT input 
by ensuring that the PMOS transistor is fully turned off. 
Figure 2(b) shows that Alcc is negligible when a 74HCT 
input is held at atypical TTL HIGH output level (3,4 V) or 
LOW output level (0,25 V). 


Calculating 74HC quiescent power dissipation 


For power-critical applications such as battery-powered 
equipment, it may be necessary to calculate 74HC quiescent 
power dissipation as a standby value of battery drain. It is 
given by: 


PaHc = Vccicc (1) 


Vcc is dependent upon the particular application, we re- 
commend that a +10% variation be allowed. Icc at VcCmax 
is obtained from the data sheet for the particular IC. For 
critical battery-powered applications, the value of Icc can 
be linearly derated for any desired Vcc; for example, at 
Vcc =2V, use one-third of the limits shown in Table 1 for 
74HC ICs. 
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Calculating 74HCT quiescent power dissipation 


Assume that an LSTTL IC with an output duty factor of 
0,5 is switching one gate input in a 74HCT11 (triple 3-input 
AND gate) with a 5V supply and an ambient temperature 
of 25 °C. Quiescent power dissipation is calculated from: 


PoHcT = Vceciicc + 6Alcc) (2) 


where 6 = switching duty factor. 
AlcCmax is calculated on a unit-load basis from the part 
of the data sheet reproduced in Table 2: 


AlCCmax = 360 HA per input pin x 1 pin x 0,5 unit-load 
coefficient = 180 vA. 


Inserting this current and the values for Vcc (5,5V), 
Icc=2uA from Table 2, and 6 (0,5) into equation (2) 
gives: 


POHCT = 5,5 V [2uA + (0,5 x 180uA)] = 506 uW. 


This is only 2% of the 25,5 mW maximum quiescent power 
that would be dissipated by the equivalent LSTTL IC. 
Furthermore, as previously stated, the Alcc of 360 uA per 
input pin quoted in Table 2 for the 74HCT11 IC is based 
on a worst-case HIGH input level of Vcc —2,1V. In a 
typical application, the TTL HIGH input level driving the 
IC would be much higher than this, resulting in a reduction 
of Alcc by an order of magnitude. 

If all the inputs of a 74HCT IC are driven by 74HC or 
equivalent CMOS outputs, the input levels are such that the 
additional quiescent supply current Alcc¢ is so small that 
it can be omitted from 74HCT power dissipation calcula- 
tions. 74HC quiescent power dissipation equation (1) can 
then be used to calculate 74HCT quiescent power dissipation. 


DYNAMIC POWER DISSIPATION 


Unlike quiescent power dissipation, dynamic power dissipa- 
tion is calculated in the same manner for both 74HC and 
74HCT ICs. All equations presented here for dynamic 
power dissipation are therefore applicable to both 74HC 
and 74HCT ICs. 

Three factors influence the dynamic power dissipation 
of HCMOS ICs. They are load capacitance, internal capaci- 
tance and switching transient currents (through-currents of 
transistor pairs when both transistors momentarily conduct 
during logic level transitions). 


January 1986 


993 


POWER 
DISSIPATION 


TABLE 2 
Specification of Icc, Alcc and unit load coefficient for 74HCT11 triple 3-input AND gate 


Tamb (°C) test conditions 
74HCT 
symbol parameter SS SS COU Vec V| other 
+25 —40to+85 —40to +125 Vv 
min. typ. max. min. max. min. max. 
Vcc 
lec quiescent supply current 2,0 20,0 40,0 LA 5,5 or lo =0 
GND 
ue eae £5 gq otherinnte a 
Alcc unit load coefficient is 1 10D 860 #50 — ms a —2,1V ace CNR: 
(note 1) ' O 
Note: 


1. The value of additional quiescent supply current (Alcc) for a unit load of 1 is given here. 
To determine Alcc per input, multiply this value by the unit load coefficient shown in table below. 


unit load 


input — 
P coefficient 


nA, nB, nC 0,5 


Load capacitance The dynamic power dissipation due to capacitive loads is 


, eee : ee , therefore: 
The first contribution to dynamic power dissipation ts 


caused by the charging and discharging of external capaci- Pe. = Ci Vecfo (4) 
tive loads. Figure 4 illustrates an HCMOS inverter with a 
capacitive load and, together with the following equations, 
will help to illustrate how load capacitance consumes 
power. The energy dissipated (joules) in charging and PcL= D(C Vecfo) (5) 
discharging the capacitive load is: 


Equation (4) is only applicable if all the outputs are switching 
the same load. If they are not, the equation becomes: 


For multiple output ICs, it is important to calculate with 
Pett = Ci Veéc (3) the appropriate output frequency. For example, at either 
output from a flip-flop, fo = fj/2; for a 7-stage binary ripple 
counter (type 74HC/HCT4024), fo is halved for each 
successive output stage so that fo = f;/64 for the final 
output stage. 


where t = 1/fg and Cy, = total external load capacitance due 
to interconnections, driven inputs and any sockets that 
are used. 
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Internal capacitance 


Vec 
PMOS 


All MOS logic ICs have internal parasitic capacitance caused 
by diode junctions, MOS transistor structures, and the alu- 
minium and polysilicon interconnections. It has the same 
effect as external capacitive loads, and its magnitude 
depends on the complexity of the circuit. 

HCMOS ICs are manufactured with a self-aligned poly- 
Fig.4 74HC inverter driving a capacitive load silicon gate process (3m gate length) and local oxidation 
to reduce internal capacitance by minimising gate-to-source 
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and gate-to-drain capacitances. The junction capacitances, 
which are proportional to junction area, are smaller than 
those in HE4000B CMOS ICs because the diffusions are 
shallower. Figure 5 shows the location of the capacitances 
in a 74HC inverter. 


7 
input RH output 
GND 


7Z91573 


Fig.5 Location of capacitances in a 74HC inverter 


For power dissipation calculation purposes, the total 
load caused by internal capacitances and by switching 
transient currents is defined as a single effective internal 
no-load power dissipation capacitance Cpp. It is defined in 
the data sheet for each HCMOS IC on a ‘per function’ basis 
and, where appropriate, it is also separately specified for 
each different logic function (e.g. gate or flip-flop) within 
an IC. This allows more accurate power dissipation calcula- 
tions to be made if logic functions within the same IC are 
operating at different frequencies. 

The published figure for Cpp is valid for the worst-case 
Operating mode under typical operating conditions. For 
example, in the case of a NAND gate, the state of the 
inputs is assumed to be such that the output is changing 
state; for a shift register or D-type flip-flop, it is assumed 
that alternately HIGH/LOW data is being clocked in. The 
specified value for Cpp however is a typical one; never- 
theless, some protection will already be built-in to dynamic 
power dissipation calculations because the assumed worst- 
Case operating modes don’t always occur. Although we’re 
not yet prepared to officially publish a maximum value for 
Cpp, a rough guide would be to increase the published 
figure by 50% for worst-case calculations. The method of 
measuring Cpp is explained in the chapter ‘‘User Guide’’. 


Switching transient currents 


The final factor that contributes to the dynamic power 
dissipation of HCMOS is internal switching transient 
currents. When the output of a basic HCMOS inverter as 
shown in Fig.6(a) changes state, either from a logic ’’1’’ to 
a logic ‘0’ or vice-versa, there is a brief period during 
which both transistors conduct. This creates a temporary 
low-resistance path between Vcc and GND as shown in 
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Fig.6(b). In this transistory state, additional supply current 
(Alicc) flows and power is dissipated, so input rise and 
fall times should be kept short. The average value of this 
transient current increases linearly with increasing switching 
frequency. In other words, power dissipation due to 
switching (like power dissipation due to internal capacitance) 
increases linearly with increasing switching frequency. How- 
ever, since it is small compared to the power dissipation due 
to internal capacitance, its effect is included in the published 
value of power dissipation capacitance (Cpp) which has 
discussed under the previous heading. 


Vv 
PMOS | ee 
input 4 4 |— output 
NMOS | 
GND 


(a) (b) 


Vcc 


Rpwmos 


output 


Rnmos 


GND 
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Fig.6 When an HCMOS inverter changes state, both input 

transistors momentarily conduct: (a) inverter input structure; 

(b) equivalent circuit when the input level is between logic 
levels 


Total dynamic power dissipation 


Since Cpp represents the load imposed by both internal 
Capacitance and switching transient currents, the total 
dynamic power dissipation due to these factors is: 


2 
PoYn = CepVccfi (6) 


The total dynamic power dissipation of HCMOS ICs is 
obtained by adding equation (6) to the power dissipation 
due to the total external capacitive load (equation 5) and is 
given by: 


Pp = CppVecfi + 2 (CLVCcfo) (7) 


CALCULATING TOTAL POWER DISSIPATION 
FOR 74HC AND 74HCT ICs 


Total HCMOS power dissipation is a summation of the 
appropriate quiescent and dynamic power dissipation 
formulae previously described. 

For 74HC/HCT ICs driven by CMOS levels: 


Prot = Veclec + CppVéchit 2 (CLVécfo) (8) 
For 74HCT ICs driven by TTL: 
Prot=Vecllect 5Alcc) + CppVeck += (CL Vecfo) (9) 
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POWER DISSIPATION IN OSCILLATORS AND 
ONE-SHOTS 


The information presented so far is only valid for ICs 
switching rapidly between logic levels. Additional quiescent 
supply current Alcc is greater for one-shots, oscillators and 
gates arranged as oscillators because, in these applications, 
the input slowly passes through the switching threshold 
(typically 50%Vcc for 74HC ICs and 28%Vcc for 74HCT 
ICs) causing flow-through current as shown in Fig.2. 


POWER DISSIPATION COMPARISON BETWEEN 
HCMOS, LSTTL AND ALSTTL 


In any IC, there is a balance between speed and power 
dissipation. LSTTL logic is relatively fast but the quiescent 
power dissipated by its bipolar circuitry is considerable. 
ALSTTL improves upon LSTTL by using advanced wafer 
fabrication techniques and smaller geometries. These 
improvements increase speed and approximately halve the 
quiescent power dissipation. 

CMOS ICs dissipate negligible quiescent power compared 
with all bipolar TTL logic ICs but, until the development of 
the HCMOS family, CMOS ICs were relatively slow. Use of 
advanced wafer fabrication techniques and smaller geo- 
metries has now made it possible for HCMOS to match the 
speed of LSTTL and yet retain the substantial power 
savings afforded by CMOS. Figure 7 shows the speed-power 
products for today’s most popular logic IC technologies. 

Figures 8 and 9 compare the dynamic power dissipation 
of SS! and MSI for 74HC, and LSTTL ICs. These graphs 
show that 74HC ICs maintain their power dissipation 
advantages for switching frequencies up to several MHz. 
This is because power is only dissipated during switching. 
The constant, frequency-independent power dissipation 
exhibited by LSTTL ICs is caused by the many bipolar 
transistors that continuously conduct. 

Figures 8 and 9 also show that, as device complexity 
increases, the frequency at which HCMOS ICs dissipate the 
same amount of power as LSTTL ICs also increases. This is 
because, as LSTTL complexity increases, there are more 
resistive paths between Vcc and GND which carry more 
quiescent bias current and thus cause more quiescent power 
dissipation. HCMOS ICs also dissipate more quiescent 
power as their complexity increases, but the leakage currents 
which cause it are so small that it can be ignored. 

The power dissipation of the different logic IC technolo- 
gies is translated into total system power as a function of 
frequency in Fig.10 which is for a small system consisting 
of one gate and two flip-flops. The graph shows that 
HCMOS also dissipates substantially less power than LSTTL 
at the system level. 
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Fig.7 Speed/power products for the most popular logic IC 
technologies 
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Fig.8 Total power dissipation as a function of switching 
frequency for gates 
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Fig.9 Total power dissipation as a function of frequency for 
a dual flip-flop with one of the flip-flops toggling 
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Fig.10 Total power dissipation as a function of frequency for 
a small system comprising one gate and two flip-flops 


INFLUENCE OF HCMOS ICs ON APPLICATIONS 


The significantly lower power dissipation in an HCMOS logic 
system, compared with its LSTTL or ALSTTL equivalent, 
is the primary reason why HCMOS ICs should be used for 
new system designs and to replace LSTTL or ALSTTL ICs 
in many existing designs where power consumption and/or 
dissipation is a problem. 

For new designs, HCMOS is the only suitable family of 
logic ICs for battery-powered portable personal computers. 
The use of HCMOS is the major trend in personal com- 
puters using all CMOS microprocessors, RAMs, ROMs, and 
peripherals. All CMOS designs can be powered-down to 2 V 
standby to extend battery life. 

For non-portable equipment, the use of HCMOS logic 
and CMOS LSI is also preferred because it not only reduces 
power dissipation, but also significantly reduces, in order of 
priority, cost, size, and weight. Cost reductions stem from 
major reductions of power supply current and regulation, 
cooling fans, heatsinks, and copper buses. 

An equally powerful motivating force for using HCMOS 
logic ICs with their lower power dissipation is the inherent 
and proven increase of component and equipment reliability. 
Equipment life is considerably extended because IC junction 
temperatures are much reduced and other components are 
exposed to lower ambient temperatures. 
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14-LEAD DUAL IN-LINE; PLASTIC (SOT-27) 


19,5 max 


seating plane 


top view 


Dimensions in mm 
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19,5 max 
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lead 1 indication (either index or sign) 


top view 


Dimensions in mm 
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a Positional accuracy. 
() Maximum Material Condition. 


(1) Centre-lines of all leads are 
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within 0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 


may deviate from nominal by 
+0,254 mm. 


Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


7273586.2 


Positional accuracy. 
Maximum Material Condition. 


Centre-lines of all leads are 

within 0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


Lead spacing tolerances apply 
from seating plane to the line 
indicated. 
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20-LEAD DUAL IN-LINE; PLASTIC (SOT-146) 


<+— 8,25 max ———> 


seating plane 
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7283901.3 
ee, Positional accuracy. 


() Maximum Material Condition. 


top view ; 
(1) Centre-lines of all leads are 


within 0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by _ 
+0,254 mm. 


Lead spacing tolerances apply 
Dimensions in mm from seating plane to the line 
indicated. 


24-LEAD DUAL-IN-LINE; PLASTIC (SOT-101A) 


32 max 


—_—_—_—_—_——— 15,8 max ——_______» 


side view 


seating plane 


17,15 we!  7273670.5 


45,90 


ay Positional accuracy. 
fanaa (M) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within £0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


Index may be horizontal as shown, 
Dimensions in mm or vertical. 
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PACKAGE 
OUTLINES 


28-LEAD DUAL IN-LINE; PLASTIC (SOT-117D) 


seating plane 


top view 


abi Positional accuracy. 


(M) Maximum Material Condition. 


side view 
(1) Centre-lines of all leads are 
within +0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


7283322.3 


Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


Dimensions in mm 
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PACKAGE 
OUTLINES 


14-LEAD MINI-PACK; PLASTIC (SO-14; SOT-108A) 


8,75 


Dimensions in mm 


apy Positional accuracy. 


(m) Maximum Material Condition. 


72739785 


Dimensions in mm 


ee, Positional accuracy. 


(M) Maximum Material Condition. 
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16-LEAD MINI-PACK; PLASTIC (SO-16L; SOT-162A) 


; ’ 
PES eo) 
| 038 : pee he Oe min 
el ln ’ 2 to B° 0,23 , : 
0.76 max Ee OREO ee 
- 7283896.2 


Dimensions in mm 


€ Positional accuracy. 


(m) Maximum Material Condition. 


20-LEAD MINI-PACK; PLASTIC (SO-20; SOT-163A) 


7283897.2 


Dimensions in mm 


€ Positional accuracy. 


(m) Maximum Material Condition. 


PACKAGE 
OUTLINES 
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PACKAGE — 
OUTLINES 


24-LEAD MINI-PACK; PLASTIC (SO-24; SOT-137A) 


7278696.6 


top view 


Dimensions in mm 


B Positional accuracy. 


() Maximum Material Condition. 


28-LEAD MINI-PACK; PLASTIC (SO-28; SOT-136A) 


Dimensions in mm 


€B Positional accuracy. 


(mM) Maximum Material Condition. 
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FAMILY SPECIFICATIONS 


GENERAL 

These family specifications cover the common electrical ratings 
and characteristics of the entire HCMOS 74HC/HCT/HCU family, 
unless otherwise specified in the individual device data sheet. 


INTRODUCTION 


The 74HC/HCT/HCU high-speed Si-gate CMOS logic family 
combines the low power advantages of the HE4000B family 
with the high speed and drive capability of the low power 
Schottky TTL (LSTTL). 


The family will have the same pin-out as the 74 series and 
provide the same circuit functions. 


In these families are included several HE4000B family circuits 
which do not have TTL counterparts, and some special circuits. 


The basic family of buffered devices, designated as 
XX74HCXXX XX, will operate at CMOS input logic levels for 
high noise immunity, negligible typical quiescent supply and 
input current. It is operated from a power supply of 2 to 6 V. 


RECOMMENDED OPERATING CONDITIONS FOR 74HC/HCT 


SYMBOL | PARAMETER 


DC supply voltage 


< 
OQ 
oO 


= 


DC input voltage range 0 


DC output voltage range 0 


< 
.o) 


operating ambient temperature range 


operating ambient temperature range 


input rise and fall times 
except for Schmitt-trigger inputs 


A subset of the family, designated as XX 74HCT XXXXX, 

with the same features and functions as the ‘‘HC-types’’, will 
operate at standard TTL power supply voltage (5 V + 10%) 

and logic input levels (0.8 to 2.0 V) for use as pin-to-pin 
compatible CMOS replacements to reduce power consumption 
without loss of speed. These types are also suitable for converted 
switching from TTL to CMOS. 


Another subset, the XX74HCUXX XXX, consists of single-stage 
unbuffered CMOS compatible devices for application in RC or 
crystal controlled oscillators and other types of feedback 
circuits which operate in the linear mode. 


HANDLING MOS DEVICES 


Inputs and outputs are protected against electrostatic effects in a 
wide variety of device-handling situations. 

However, to be totally safe, it is desirable to take handling 
precautions into account (see also chapter ““HANDLING 
PRECAUTIONS”). 


= feo [es fy | 
fo | [vcly | 
+85 —40 +85 °C see DC and AC 
CHAR. 
1000 Voc = 2.0 V 
500 6.0 | 500 | ns Voc = 4.5 V 
400 Voc = 6.0 V 


For analog switches, e.g. ‘’4016’’, ‘4051 series’, ‘’4351 series’, “4066” and ‘‘4067’’, 10 V is specified as the maximum 


operating voltage. 


RECOMMENDED OPERATING CONDITIONS FOR 74HCU 
SYMBOL | PARAMETER 


DC supply voltage 


< 


Bie 
~~ 10 
OQ 


DC input voltage range 


UNIT | CONDITIONS 


DC output voltage range 


< 
oO 


operating ambient temperature range 


Tamb 


amb operating ambient temperature range 


i 


see DC and AC 
CHAR. 
per device 


DC CHARACTERISTICS FOR 74HCT 
Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) 
J4HCT 
SYMBOL | PARAMETER UNIT 


TEST CONDITIONS 


Vcc | V1 OTHER 


—40 to +125 

VI HIGH level input voltage 2.0 V 
VIL LOW level input voltage V 

HIGH level output voltage 
VOH all outputs " 

HIGH level output voltage 
VOH standard outputs ¥ 

H!GH level output voltage 
VOH bus driver outputs ead ae ¥ 

LOW level output voltage 
VOL altouipats 0 0.1 i | 0.1 0.1 V 

LOW level output voltage 
VOL standard outputs OAD 020 i a8 oe M 

+ 

LOW level output voltage 
VOL bus driver outputs a ; 
+1; input leakage current 1.0 ; 

Vo=Vccor GND 
ViH per input pin; 
+197 3-state OF F-state current 10.0 | wA 9.9 or other inputs at 
VIL Vec or GND; 
lo =0 


quiescent supply current 
SSI 2.0 20.0 
CC flip-flops 4.0 
MSI 8.0 80.0 
additional quiescent supply 
current per input pin for 
Alcc unit load coefficient is 1 100") S60 420 
(note 1) 


Note 


other inputs at 
Vcc or GND; 
lo =0 


490 | vA | to 


- 

jo) 

jo) 
SUG oe «| Sets 
oo 


1. The additional quiescent supply current per input is determined by the Alcc unit load, which has to be multiplied by the unit load 
coefficient as given in the individual data sheets. For dual supply systems the theoretical worst-case (Vj =2.4V; Veco =5.5 V) 
specification is: Alcc = 0.65 mA (typical) and 1.8 mA (maximum) across temperature. 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages are referenced to GND (ground = 0 V) 


CONDITIONS 


DC supply voltage 


| homall Kasten a MIN. | max. UNIT 


—0.5 | +7 


V 


DC input diode current 


for Vj) <—0.5 or Vj > Vcc +0.5 V 


DC output diode current 


DC output source or sink 
current 

— standard outputs 

— bus driver outputs 


DC Vcc or GND current 
for types with: 

— standard outputs 

— bus driver outputs 


storage temperature range —65 


power dissipation per package 


plastic DIL 


plastic mini-pack (SO) 


Note 


20 mA 
20 mA for Vo <—0.5 or Vg > Vec +0.5 V 
for —0.5 V<Vo <Vec +0.5 V 
25 mA 
35 mA 
50 mA 
70 mA 
#150} °C 
for temperature range: —40 to +125 °C 
74HC/HCT/HCU 
500 mW above +70 °C: derate linearly with 8 mW/K 
400 mW above +70 °C: derate linearly with 6 mW/K 


For analog switches, e.g. ‘4016’, ‘4051 series’’, ‘’4351 series’, ‘“4066’’ and ‘4067’, 11 V is specified as the maximum 


operating voltage. 


FAMILY SPECIFICATIONS 


GENERAL A subset of the family, designated as XX74HCT XXXXX, 
These family specifications cover the common electrical ratings with the same features and functions as the ‘‘HC-types”’, will 
and characteristics of the entire HCMOS 74HC/HCT/HCU family, operate at standard TTL power supply voltage (5 V + 10%) 
unless otherwise specified in the individual device data sheet. and logic input levels (0.8 to 2.0 V) for use as pin-to-pin 
compatible CMOS replacements to reduce power consumption 
INTRODUCTION without loss of speed. These types are also suitable for converted 
. ; ; switching from TTL to CMOS. 
The 74HC/HCT/HCU high-speed Si-gate CMOS logic family 
combines the low power advantages of the HE4000B family Another subset, the XX74HCUXXXXX, consists of single-stage 
with the high speed and drive capability of the low power unbuffered CMOS compatible devices for application in RC or 
Schottky TTL (LSTTL). crystal controlled oscillators and other types of feedback 


ircuits which operate in the linear mode. 
The family will have the same pin-out as the 74 series and SEs ace " 
provide the same circuit functions. HANDLING MOS DEVICES 
In these families are included several HE4000B family circuits 


Raping Inputs and outputs are protected against electrostatic effects in a 
which do not have TTL counterparts, and some special circuits. P P P g 


wide variety of device-handling situations. 


The basic family of buffered devices, designated as However, to be totally safe, it is desirable to take handling 
XX74HCXXX XX, will operate at CMOS input logic levels for precautions into account (see also chapter “HANDLING 
high noise immunity, negligible typical quiescent supply and PRECAUTIONS”). 


input current. It is operated from a power supply of 2 to 6 V. 


RECOMMENDED OPERATING CONDITIONS FOR 74HC/HCT 


SYMBOL | PARAMETER 
Vc 
VI 
Vo 


C DC supply voltage 


DC input voltage range 
DC output voltage range 


Tamb operating ambient temperature range see DC and AC 


CHAR. 
operating ambient temperature range per device 


input rise and fall times 


tr Uf except for Schmitt-trigger inputs 


Note 


For analog switches, e.g. ““4016"’, “4051 series’, ‘’4351 series’, “4066” and ‘’4067’’, 10 V is specified as the maximum 
operating voltage. 


RECOMMENDED OPERATING CONDITIONS FOR 74HCU 


YMBOL | PARAMETER 


S 

DC supply voltage 
Vy 
Vo 


ed DC input voltage range 
}Yo DC output voltage range 
operating ambient temperature range see DC and AC 


CHAR. 
operating ambient temperature range per device 


DC CHARACTERISTICS FOR 74HC 
Voltages are referenced to GND (ground = 0 V) 


Tamb (°C) TEST CONDITIONS 
74HC 
SYMBOL | PARAMETER UNIT | Vec | V} OTHER 
“20%0+65 | ~40%0+125 
i wo | in [nen || | 
1.5 | 1.2 1.5 1.5 2.0 
Vin HIGH level input voltage 3.15 | 2.4 3.15 3.15 V 
4.2 | 3.2 4.2 4.2 
0.8 | 0.5 0.5 0.5 
VIL LOW level input voltage 2.1 | 1.35 1.35 1.35 | V 
2.8 | 1.8 1.8 1.8 : 
1.9 | 2.0 1.9 1.9 2.0 VIH 
Wei eee rere ger ae ae 44 44 V 45 | or 
9 |6.0 5.9 5.9 6.0 | Vy 
HIGH level output voltage 3.7 4.5 
VOH standard outputs i 4 5.2 ¥ 
HIGH level output voltage 3.7 
VOH bus driver outputs | " 
VOL LOW level output voltage we A V 
all outputs 0.1 0.1 
Vv LOW level output voltage : 0.33 0.4 V 
OL standard outputs ‘ 0.33 0.4 
Vv LOW level output voltage 0.15} 0.26 0.33 0.4 V 
OL bus driver outputs 0.16] 0.26 0.33 0.4 
3-state OF F-state current fe LA 


quiescent supply current 
SSI 2.0 20.0 
flip-flops 4.0 ; 
MSI 8.0 80. 


40.0 | uA 6.0 
80.0 | vA 6.0 
160.0 | uA 6.0 


> 
jo) 
>) 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Voltages are referenced to GND (ground = 0 V) 


SYMBOL PARAMETER MIN. | MAX. | UNIT | CONDITIONS 
DC supply voltage —0.5 +7 V 
thik DC input diode current mA for V}; <—O.50rV; >Vcect05V 
tlok DC output diode current mA for Vo < —0.5 or Vg > Vcc +0.5 V 
+lo DC output source or sink for -0.5 V<Vo < Vcc +0.5 V 
current 
— standard outputs 25 mA 
— bus driver outputs 35 mA 
DC Vcc or GND current 
for types with: 
— standard outputs 50 mA 
— bus driver outputs 70 mA 
T stg storage temperature range —65 | +150 | °C 
Prot power dissipation per package for temperature range: —40 to +125 °C 
74HC/HCT/HCU 
plastic DIL 500 mW above +70 °C: derate linearly with 8 mW/K 
400 mW 


above +70 °C: derate linearly with 6 mW/K 


aa 
QO 
io) 


plastic mini-pack (SO) 


Note 


For analog switches, e.g. ‘4016’, “4051 series’, ‘4351 series’’, ““4066"’ and ‘4067’, 11 V is specified as the maximum 
operating voltage. 
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